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ABSTRACT 


Predicted  maximal  aerobic  capacity  (V02max),  using  submaximal  exercise  tests,  is  used 
to  evaluate  fitness  for  job  performance,  especially  within  the  military.  Women  who  use 
oral  contraceptives  experience  a  rhythmic  variation  of  circulating  synthetic  hormones  that 
can  influence  submaximal  exercising  heart  rate.  The  purpose  of  this  study  was  to 
examine  the  validity  and  reliability  of  two  submaximal  heart  rate-dependent  cycle 
ergometry  exercise  tests,  one  used  by  the  Air  Force  (AF)  and  one  suggested  by  the 
American  College  of  Sports  Medicine  (ACSM),  for  women  using  oral  contraceptives. 
Eighteen  healthy  and  fairly  active  women,  aged  19-22  years,  completed  a  maximal 
treadmill  exercise  test  with  indirect  calorimetric  determination  of  V02max  followed  two 
days  later  by  submaximal  testing.  Each  of  the  three  tests  were  conducted  in  both  the 
quasi-luteal  (Q-L)  phase  (the  second  week  of  the  active  pill)  and  the  quasi-follicular  (Q- 
F)  phase  (the  last  3  days  of  placebo  administration).  V02max  was  lower  (by  1 .1  ±  0.63 
ml/kg/min)  in  Q-L  than  in  Q-F  (Q-L  =  38.2  ±1.1  ml/kg/min,  Q-F  =  39.3  ±1.1  ml/kg/min, 
P  =  0.055).  Comparison  of  V02max  predicted  by  the  AF  test  to  the  true  maximal  value 
revealed  a  slight,  statistically  non-significant  (1.5%)  overestimation  in  the  Q-L  phase  (AF 
=  38.8  ±  1.8  ml/kg/min  vs  Max  =  38.2  ±  1.1  ml/kg/min,  P  =  0.3)  and  a  larger 
underestimation  (5%)  in  the  Q-F  phase  (AF  =  37.4  ±1.8  ml/kg/min  vs  Max  =  39.3  ±1 . 1 
ml/kg/min,  P  =  0.06).  Between  the  two  phases,  the  predicted  values  of  the  AF  test  were 
significantly  different  (Q-L  =  38.8  ±  1.8  ml/kg/min,  Q-F  =  37.4  ±  1.8  ml/kg/min^  P  = 
0.02).  The  ACSM  test  underestimated  V02max  in  the  Q-L  (3%)  phase  and  significantly 


iv 

underestimated  in  the  Q-F  (8%)  phase  (Q-F  =  36.1  ±1.4  ml/kg/min  vs  Max  =  39.3  ±1.1 
ml/kg/min,  P  =  0.003).  Heart  rates  were  significantly  higher  (P  =  0.02)  in  the  Q-F  phase 
as  compared  to  the  Q-L  phase.  A  prospective  ACSM  equation  for  estimating  maximal 
aerobic  capacity,  to  be  published  in  the  6th  edition  of  ACSM’ s  Guidelines  for  Exercise 
Testing  and  Prescription,  was  also  evaluated.  The  newer  ACSM  equation  provided  a 
slightly  better  estimate  than  the  original  ACSM  equation  in  both  the  Q-L  (2.4% 
underestimation)  and  Q-F  phases  (7.3%  underestimation).  Deviations  between  predicted 
and  true  maximal  values  were  independent  of  fitness  level,  body  weight  changes  between 
phases  and  pill  formulations.  The  AF  and  ACSM  (using  the  new  equation)  heart  rate- 
based  submaximal  cycle  ergometry  tests  are  valid  (within  5%  of  the  measured  value) 
predictors  of  maximal  aerobic  capacity  in  women  on  oral  contraceptives  in  the  Q-L 
phase.  However,  neither  test  provided  a  reliable  measurement  between  the  two  phases. 
The  significant  heart  rate  differences  between  the  two  phases  were  the  cause  of  the 
differing  estimations  of  VCLmax  that  were  closer  to  measured  values  in  the  Q-L  phase. 
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Chapter  1 


INTRODUCTION 


Maximal  oxygen  uptake,  or  aerobic  capacity,  is  used  to  determine  an  individual’s 
physiological  fitness  level.  Aerobic  capacity  is  dependent  upon  the  ability  of  the 
cardiovascular  system  to  transport  oxygen  from  the  atmosphere  to  working  muscles  and 
the  ability,  at  the  cellular  level,  to  use  the  oxygen  for  energy  production  (24). 

The  maximal  rate  of  oxygen  consumption  (VC>2max)  is  the  most  commonly  used 
measurement  of  an  individual’s  aerobic  capacity.  V02max  is  measured  using  laboratory 
techniques  involving  maximal  treadmill  or  cycle  ergometer  exercise  which  requires 
sophisticated  equipment,  a  large  time  commitment  and  a  great  deal  of  expertise  (40). 
There  are  also  potential  risks  and  complications  associated  with  testing  older  adults  or 
individuals  with  conditions  such  as  asymptomatic  coronary  heart  disease  (4,  24).  It  is 
unrealistic  to  suggest  that  V02max  be  measured  directly  for  entire  populations  or  by 
individuals  who  do  not  have  laboratory  facilities  readily  available  to  them.  The  United 
States  Air  Force,  for  example,  could  not  subject  all  of  its  members  to  such  a  complex  and 
expensive  test  for  the  purpose  of  fitness  screening.  This  necessitates  submaximal  tests 
that  provide  an  estimate  of  V02max.  Physiologists  have  developed  several  different 
submaximal  tests  to  estimate  V02max  that  are  based  on  a  linear  relationship  between 
heart  rate  response  and  V02  or  workload  (43).  These  include  treadmill  walking,  cycle 
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ergometry  and  platform  stepping  (24).  Submaximal  cycle  ergometry  is  the  most  popular 
method  used  to  estimate  maximal  aerobic  capacity,  however  results  vary  in  validity  and 
reliability. 

In  the  last  decade,  there  has  been  a  three-fold  increase  in  the  number  of  women 
participating  in  jobs  that  require  high  levels  of  fitness  within  the  armed  forces.  Using 
V02max  values  as  an  indicator  of  cardiovascular  health,  and  thus  fitness  level,  is 
common.  The  Air  Force  developed  a  submaximal  cycle  ergometry  test  to  avoid  the 
issues  associated  with  a  maximal  test  described  above.  The  low  risk,  submaximal  test 
must  be  a  valid  predictor  of  aerobic  capacity  if  the  result  is  to  be  used  to  identify  an 
individual  at  a  certain  fitness  level.  Accurate  predictions  of  female  VC^max  are 
necessary  when  the  concern  is  meeting  minimal  physical  standards  for  employment  or 
job  placement,  especially  within  the  military  (24,  32,  70). 

Female-specific  factors  such  as  the  menstrual  cycle  and  the  use  of  oral 
contraceptives  are  not  accounted  for  during  submaximal  testing.  Previous  research  shows 
that  the  female  menstrual  cycle  does  not  appear  to  limit  maximal  exercise  performance  in 
women  (13,  22,  35,  42)  and  has  minimal  effects  on  submaximal  exercise  (6,  13,  27,  28). 
The  influence  of  oral  contraceptives  on  maximal  and  submaximal  exercise  performance 
is  more  controversial  (6,  22,  36, 42,  54).  However,  these  factors  have  not  been  studied  in 
regard  to  the  reliability  and  validity  of  submaximal  testing. 

Female  military  personnel  are  prescribed  oral  contraceptives  (OC)  for  a  wide 
range  of  purposes,  including  contraception,  menstrual  regularity  and  control  of 
premenstrual  symptoms.  The  Air  Force  submaximal  cycle  ergometry  test  does  not  take 
this  variable  into  account  during  its  personnel  testing.  Many  OC  contain  a  combination 


of  synthetic  estrogens  and  progestins,  and  some  formulations  contain  synthetic 
progestins  only  (36).  Studies  suggest  that  the  synthetic  hormones  are  more  potent  than 
their  endogenous  counterparts  in  preventing  ovulation  and  inducing  endometrial 
proliferation  (64)  however,  their  influences  on  physiological  responses  during  exercise 
are  not  well  established.  The  complex  hormonal  changes  occurring  during  female 
reproductive  life,  during  both  ovulatory  and  OC  pill-controlled  cycles,  have  not  been 
extensively  studied  in  regards  to  their  effect  on  exercising  women. 

Female  reproductive  cycles  involve  a  rhythmic  variation  of  either  endogenous 
hormones  (found  in  the  normal  menstrual  cycle)  or  exogenous  hormones  (found  in  the 
oral  contraceptive  pill)  (36).  During  exercise,  these  hormones  will  influence  heart  rate 
which  is  the  basis  for  the  submaximal  cycle  ergometry  tests.  The  potential  exists  for 
changes  to  occur  in  submaximal  predictions  of  maximal  aerobic  capacity  due  to  the 
altered  heart  rate,  caused  by  the  fluctuating  hormones,  particularly  the  exogenous  ones  (6 
10,  22,  23,  26,  42,  52,  54,  62).  The  administration  of  submaximal  tests  in  the  different 
phases  of  the  female  reproductive  cycle,  particularly  for  those  women  on  oral 
contraceptives,  may  lead  to  variable  results.  Reliability  tests  need  to  be  conducted  to 
determine  whether  submaximal  cycle  ergometry  can  be  used  as  a  valid  and  reliable 
estimate  of  maximal  aerobic  capacity,  throughout  a  cycle  in  women  using  oral 
contraceptives. 


Hypothesis 
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This  project  tested  the  hypothesis  that  submaximal  cycle  ergometry  tests  (the  Air 
Force  test  and  the  American  College  of  Sports  Medicine  (ACSM)  test),  based  on  a  linear 
heart  rate-V02  relationship,  greatly  underpredict  the  aerobic  capacity  of  women  using 
oral  contraceptives  during  the  quasi-luteal  phase  of  their  menstrual  cycle.  This 
hypothesis  was  based  on  the  following  observations:  Endogenous  progesterone  has  been 
known  to  increase  basal  body  temperature  and  the  heart  rate  response  to  exercise  in  some 
women  (23,  26,  52).  Women  using  oral  contraceptives  ingest  synthetic  hormones  that 
also  cause  alterations  in  submaximal  exercising  heart  rate.  These  differences,  in  turn, 
could  confound  results  in  submaximal  tests  that  are  based  on  a  linear  heart  rate-VC>2 
relationship.  Previous  research  has  revealed  conflicting  results  in  regard  to  heart  rate 
response  during  submaximal  exercise  testing  in  women  on  OC.  Heart  rates  have 
increased  by  6-7  beats/min  for  women  while  taking  oral  contraceptives  compared  to 
when  they  were  taking  a  placebo  (54),  heart  rates  have  remained  unchanged  between 
phases  (9,  22,  42),  and  heart  rates  have  decreased  from  testing  in  the  luteal  phase  of  a 
normal  cycle  to  the  corresponding  quasi-luteal  (Q-L)  phase  following  the  administration 
of  OC  (23).  Charkoudian  and  Johnson  measured  heart  rate  differences  in  women  on  OC 
during  whole  body  heating  and  found  higher  heart  rates  in  the  placebo  phase  (10)  and 
Lebrun  et  al  studied  the  differences  in  maximal  heart  rates  during  exercise  in  a  normal 
environment  and  found  no  significance  (36).  There  are  many  different  types  of  OC  on 
the  market  and  different  combinations  were  used  in  the  previously  mentioned  studies, 
which  could  be  one  reason  for  the  dissimilar  results.  Due  to  conflicting  findings  more 


research  is  needed  regarding  the  influence  of  each  synthetic  hormone,  in  the  various  OC 
formulations,  on  heart  rate  during  exercise  testing. 

This  study  analyzed  both  the  AF  and  ACSM  cycle  ergometry  tests.  The  AF  test  is 
based  on  the  Astrand-Rhyming  (A-R)  nomogram  for  calculating  aerobic  capacity  from 
heart  rate  response  to  submaximal  work  (4).  Since  the  origination  of  the  nomogram  there 
have  been  several  validation  tests  and  modifications  for  age  and  initial  workload  (3,  57). 
The  actual  AF  test,  although  based  on  this  nomogram  and  subsequent  modifications,  uses 
a  computer  program  to  determine  the  estimated  V02  max.  During  the  test,  the  subject 
works  at  a  predetermined  workload  based  on  age,  sex,  weight,  and  exercise  history.  The 
subject  pedals  at  a  set  rate  for  a  given  amount  of  time  (6  minutes),  where  a  steady  state 
heart  rate  (between  125-170  beats/min)  can  be  reached.  The  heart  rate  response  to  this 
work  determines  the  individual  subject’s  estimated  aerobic  capacity  through  the  use  of 
the  computer  calculation  that  is  based  on  the  A-R  nomogram. 

The  ACSM  test  relies  on  the  linear  relationship  between  heart  rate  and  workload, 
however,  not  the  heart  rate  response  to  a  single  workload  like  the  AF  test.  An 
individual’s  maximum  exercise  intensity  is  computed  by  extrapolating  submaximal  heart 
rate  response  to  progressive  increases  in  workload  to  the  age-predicted  maximum  heart 
rate.  This  maximum  exercise  intensity  value  can  then  be  entered  into  the  ACSM 
equation  and  a  V02max  value  can  be  estimated  (43). 

Several  studies  have  questioned  the  reliability  of  submaximal  testing  for  both  men 
and  women.  There  has  been  a  consistent  underprediction  in  males  with  the  validity  of  the 
underpredictions,  when  compared  to  measured  V02max  values,  varying  from  15-30%  (4, 
12,  40,  50,  55,  69).  Submaximal  testing  of  women  has  resulted  in  overpredictions  that 


range  from  3-21%  depending  on  the  mode  of  the  maximal  exercise  test  (cycle  ergometer 
vs.  treadmill)  (24,  57,  71)  and  underpredictions  up  to  15%  (12, 40,  50).  Not  one  of  these 
studies  took  the  menstrual  cycle  or  oral  contraceptives  into  account  during  exercise 
testing. 

Specific  Aims 

The  specific  aims  of  this  study  were  to  analyze  the  validity  and  reliability  of  two 
submaximal,  heart  rate-dependent  cycle  ergometry  tests  as  predictors  of  V02max  in 
women  on  oral  contraceptives;  the  Air  Force  modified  A-R  protocol  and  the  ACSM 
submaximal  test  protocol.  Values  within  ±  5%  of  actual  measured  V02  max  were 
considered  valid  and  reliability  was  determined  by  the  consistency  between  the  two 
measurements  in  each  phase  of  the  cycle.  This  study  also  assessed  the  effect  of  oral 
contraceptives,  particularly  progesterone-like  synthetics,  on  heart  rate  during  submaximal 


exercise. 
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Chapter  2 

REVIEW  OF  LITERATURE 

A-R  Submaximal  Cycle  Ergometrv 

The  United  States  Air  Force  has  adopted  a  submaximal  cycle  ergometry  test  as  an 
estimate  of  aerobic  capacity,  or  maximal  oxygen  uptake  (V02max),  to  determine  the 
fitness  levels  of  its  military  members.  This  is  important  for  force  readiness  during  times 
of  crisis.  Maximal  oxygen  uptake  is  dependent  upon  the  capacity  of  the  cardiovascular 
system  to  transport  oxygen  to  working  muscles  and  the  ability,  at  the  molecular  level,  to 
use  the  oxygen  effectively.  This  value  can  be  measured  and  estimated  through  the  use  of 
submaximal  exercise  tests  that  measure  heart  rate  responses  to  steady-state  exercise.  In 
1954,  Astrand  and  Rhyming  developed  a  nomogram  for  predicting  aerobic  capacity  from 
heart  rate  responses  to  submaximal  workloads  in  cycle  or  step  test  exercise  (4).  The  test 
was  based  on  the  attainment  of  a  steady-state  heart  rate  of  125-170  beats/min  during  the 
last  3  minutes  of  the  6-minute  test  (25).  The  original  validation  group  consisted  of  58 
well-trained  male  and  female  subjects  between  the  ages  of  18  and  30.  In  1960  the 
nomogram  was  revised  to  add  an  age  correction  factor  and  to  account  for  the  differences 
in  mechanical  efficiency  at  lower  workloads  and  in  V02  at  a  given  workload  between 
men  and  women  (25).  However,  once  again  after  further  validation  studies,  it  was  later 
modified  to  a  lower  initial  exercise  rate  and  shorter  duration  (57).  The  Air  Force,  along 
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with  Dr.  Loren  Myhre  of  the  Human  Systems  Division,  has  since  adjusted  the  test  for 
use  with  Air  Force  personnel  (69).  Dr.  Myrhe  developed  a  computer  program  that 
included  specific  criteria  for  determining  the  initial  workload  and  for  increasing  the 
workload  during  the  early  minutes  of  the  test  (47).  This  was  done  in  order  to  increase  the 
subject’s  heart  rate  to  the  desired  steady  states  during  the  last  minutes  of  the  test  (46). 
During  the  test,  the  subject  pedals  at  a  set  rate  against  a  predetermined  resistance  (based 
on  age,  sex,  weight  and  exercise  history)  for  a  given  amount  of  time.  Measuring  the 
efficiency  of  the  subject  s  heart-lung-muscle  “machine”  is  estimated  by  heart  rate 
increase  as  a  result  of  the  workload  (60).  Using  the  computer  program  based  on  the 
Astrand-Rhyming  (A-R)  nomogram  and  its  modifications,  an  estimated  V02max  for  the 
subject  can  be  calculated.  The  computer  program  uses  a  computation  containing  age, 
weight,  height,  average  ending  heart  rate,  a  conversion  constant  for  body  surface  area  and 
final  workload  to  determine  the  estimated  aerobic  capacity.  It  should  be  noted  that  the 
AF  test  protocol  uses  a  constant  power  load,  maintained  for  6  consecutive  minutes,  in 
which  a  steady-state  heart  rate  between  125  and  170  beats/min  is  reached  (40).  It  is  at 
this  steady  state  that  heart  rate  and  power  load  are  used  to  estimate  V02  max  (4).  This 
estimation  is  then  used  by  the  AF  to  determine  a  fitness  standard  based  on  the  1995 
ACSM  percentiles  (see  Table  1)  (43). 
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Fitness 

Category 

ACSM 

Percentile 

<30  years 

30-39 

40-49 

50-59 

60+ 

Superior 

>75lh 

>39.54 

>37.38 

>35.12 

>39.91 

>30.88 

Good 

51sl-75lh 

35.21- 

39.53 

33.77- 

37.37 

30.88- 

35.11 

28.23- 

39.90 

25.83- 

30.87 

Fair 

2  6 dl- 5  0  th 

30.95- 

35.20 

29.94- 

33.76 

27.99- 

30.87 

25.10- 

28.22 

23.66- 

25.82 

Poor 

<25,h 

<30.94 

<29.93 

<27.98 

<25.09 

<23.65 

Table  1.  Women’s  Fitness  Standards  for  Cycle  Ergometry  (V02  Values) 


Since  a  substandard  fitness  rating  will  require  an  individual  to  be  put  on  a  strict 
fitness  program  and  a  probationary  fitness  status,  and  a  higher  rating  could  be  a  false 
indicator  of  proper  physical  readiness,  it  is  important  that  results  are  accurate.  In  general 
the  A-R  test  results  in  reasonable,  but  not  always  valid,  estimates  of  V02  max.  In  males, 
A-R  submaximal  cycle  ergometry  tests  have  been  known  to  underpredict  02  uptake 
values  by  17-20%  (25,  69).  Williford  et  al  also  found  that  due  to  the  underpredictions  of 
V02  max,  out  of  the  50  officers  tested,  68%  were  placed  1-2  fitness  categories  below 
where  their  actual  levels  placed  them  (69).  Hartung  et  al  found  that  although  the  A-R  test 
underestimated  V02  max  values  by  20%,  it  was  consistent  in  overpredicting  high  fit 
individuals  and  underpredicting  low  fit  individuals  (25).  However  when  Rowell  et  al 
measured  the  predictive  ability  of  the  A-R  equation  in  trained  and  untrained  subjects  they 
didn’t  see  an  overprediction  in  the  trained  subjects.  They  found  a  6%  underestimation  in 
trained  individuals  and  a  26.5%  underestimation  in  untrained  subjects  that  became  a  14% 
underestimation  after  training  (55).  Other  studies  demonstrated  that  males  were 
underpredicted  by  5-25%  compared  to  either  treadmill  or  cycle  ergometer  maximal  tests 
(12,  50,  55,  69).  In  women,  the  A-R  cycle  ergometry  test  tended  to  overestimate 
V02max  by  8.5%  compared  to  the  treadmill  maximal  values  and  18.5%  compared  to  the 


10 


cycle  maximal  values  (24,  71).  Other  studies  using  the  A-R  protocol  have 
overpredicted  V02max  by  up  to  21%  in  women  (24,  57,  58,  71).  Patton  et  al,  when 
studying  the  validity  of  the  A-R  test  in  15  men  and  12  women  found  the  overall 
underestimation  for  both  sexes  to  be  16.2%  (50).  While  Davies  et  al  found  a  15% 
underestimation  in  the  same  test  for  both  men  and  women  (12).  Finally,  a  study  using  35 
women  and  1 5  men,  found  that  the  A-R  based  AF  submaximal  cycle  ergometery  test 
underpredicted  maximal  VO2  values  by  approximately  15%  (40).  In  women,  a  wide 
range  of  estimates  for  the  prediction  of  V02  max,  both  underpredicting  and 
overpredicting,  exist  (See  Table  2).  It  is  worthwhile  to  note  that  none  of  these  studies 
looked  at  the  female  menstrual  cycle  as  a  variable. 
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Reference 

Age/Sex/#  of 
Participants 

Variables 

Measured 

Tests  Evaluated 

Results 

Astrand  and 
Rhyming  (1954) 

58  well-trained 
males  and  females 
(age  18-30) 

HR,  V02,  Body 
weight  and 
workload-  No 
regard  to  MC 

Max  test,  step  test, 
CE  test,  TM  test 

Found  nomogram: 

M:  underpredict  8% 

F:  overpredict  10% 

Rowell  et  al. 
(1964)  . 

113  trained  (T)  and 
untrained  (UT) 
males  &  females 

HR  and  A-R  test 
before  and  after 
training 

A-R  submaximal 
cycle  ergometry, 
max  TM  test 

Underprediction  of 
6%  in  T  and  26.5% 
in  UT-  turned  to 

14%  underprediction 
after  trng 

Davies  et  al. 
(1968) 

80  males  and  30 
females 

Validity  of  A-R 
CE  test,  HR  at 
various  stages- 

A-R  CE  test,  max 
TM  test 

15%  undeprediction 
in  both  M  and  F 

Patton  et  al.  (1968) 

15  males  and  12 
females 

Validity  of  A-R 
CE  test 

A-R  CE  test,  max 
TM  test 

16%  underprediction 
for  both  M  and  F 

Siconolfi  et  al. 
(1982) 

50  inactive  males 
and  females 
(age  20-70) 

Validated  A-R 
eqn 

A-R  CE  test 
protocol,  Max  CE 
test 

9-13%  overpred.  M, 
20%  overpred.  F- 
altered  protocol  by 
lowering  initial  WL 

Siconolfi  et  al. 
(1985) 

Females 

Validating  A-R 
eqn  with  2  tests 

A-R  CE  test  and 
step  test,  Max  CE 

3%  overpred.  F 

Zwiren  et  al. 
(1991) 

38  females 
(~  33  years) 

Compare  max 
values  on  TM  and 
CE  to  5  SM  tests 

TM/CE  max  test,  2 
SM  CE  tests,  run, 
walk  and  step 

A-R  overpred.  8.5% 
for  TM  and  20%  for 
CE 

Hartung  et  al. 
(1993) 

22  male- 1 1  fit,  1 1 
unfit  (age  26-45) 

Validated  A-R 
eqn 

A-R  CE  test  and 
max  TM 

20%  underprediction 

Williford  et  al. 
(1994) 

50  male  AF  officers 

Validity  of  AF 

CE  test 

AF  CE  test,  max 
TM  test 

17%  underprediction 

Hartung  et  al. 
(1995) 

37  women 
(age  19-47) 

Reliability  and 
validity  of  A-R 

CE 

AF  CE  test  vs. 
max  TM  and  max 
CE 

8.5%  overpred.  for 
TM,  18.5%  overpred 
for  CE 

Lockwood  et  al. 
(1997) 

15  males  and  35 
females  (age  20-55) 

Validity  of  AF 
test  and  PROG 
test  No  regard  to 

Max  TM,  3  AF  CE 
tests,  one  PROG 
test 

15%  underprediction 
for  AF  test 

Table  2.  Varying  Reliability  in  both  Men  and  Women  in  regard  to  Submaximal  Cycle 

Ergometry 


The  A-R  test  has  been  compared  to  various  other  attempts  at  deriving  a  “better” 
method  of  prediction,  based  on  the  same  premise  that  heart  rate  and  V02  are  linearly 
related.  Maritz  et  al  designed  their  own  prediction  method  based  on  the  extrapolation  of 
V02max  from  the  regression  line  calculated  from  HR  and  V02  at  four  different 
workloads  (45).  However,  it  was  later  found  by  Rowell  et  al  that  the  Maritz  et  al 
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extrapolation  method  was  no  better  than  the  A-R  prediction  method  (55).  Fox  et  al 
developed  a  submaximal  cycle  ergometry  equation  based  on  the  results  of  untrained 
college-aged  males,  which  like  the  A-R  equation  used  heart  rate  response  to  a  single 
workload  for  predicting  V02max  (18).  Margaria  and  associates  developed  a  similar 
prediction  method  to  the  A-R  test  using  submaximal  stepping  workloads  (44).  Lockwood 
et  al  compared  the  A-R  method  to  a  progressive  cycle  ergometry  test  that  used  an 
incremental  8-minute  protocol  separated  into  four  2-minute  stages.  The  estimated 
VC>2max  value,  which  was  calculated  based  on  the  relationship  between  workload  and  02 
uptake  and  the  linear  relationship  between  heart  rate  and  work  rate,  provided  a  valid 
estimate.  Yet  only  23%  of  the  subjects  had  an  estimated  V02max  that  was  within  ±  5% 
of  their  true  max  value  (40).  Most  of  these  competing  prediction  methods  have  found 
little  success  in  surpassing  the  familiarity  and  reasonable  accuracy  of  the  A-R  test  during 
their  own  validation  studies.  The  A-R  protocol  remains  perhaps  the  most  commonly  used 
standardized  submaximal  test  that  provides  an  estimation  of  V02max. 

ACSM  Submaximal  Cycle  Ergometry 

Today,  many  corporations  are  using  submaximal  tests  in  employee  health  care 
programs  (21).  Once  again,  no  matter  the  submaximal  testing  method,  test  validity  is 
imperative  if  the  test  will  provide  information  concerning  fitness  levels  of  employees. 
Therefore  in  order  to  offer  an  alternative  to  the  A-R  based  AF  cycle  ergometry  test  a 
different  submaximal  cycle  ergometry  test  used  for  fitness  testing  was  evaluated. 

Another  submaximal  test  is  the  American  College  of  Sports  Medicine  (ACSM)  cycle 
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ergometry  test,  based  on  the  linear  relationship  between  heart  rate  and  workload.  The 
testing  protocol  involved  a  workload  progression  of  four  stages.  The  subject’s  heart  rate 
needed  to  stabilize  and  reach  a  steady-state  prior  to  the  increase  in  workload  for  the  next 
stage.  The  heart  rate  response  obtained  from  the  four  submaximal  exercise  intensities 
was  extrapolated  to  age-predicted  maximal  heart  rate.  The  maximal  exercise  intensity 
was  found  by  dropping  a  vertical  line  from  the  maximal  heart  rate  to  the  intensity  scale. 
This  estimated  maximal  exercise  intensity  was  then  used  to  calculate  the  predicted 
VOamax  (43).  According  to  the  ACSM  equation,  the  maximal  exercise  intensity  is 
related  to  VO2  in  the  following: 

VO2  (ml/min)  =  3.5ml/kg-min  x  kg  body  weight  +  2.0  x  power  output  (kgm/min) 

Similar  to  the  A-R  prediction  method,  the  ACSM  protocol  and  equation  have 
been  revised  and  modified  several  times.  In  1991,  the  ACSM  published  the  fourth 
edition  of  its  guidelines  that  included  a  modification  to  the  protocol  and  equation  of  the 
ACSM  extrapolation  method  for  the  prediction  of  V02max  (1).  The  testing  protocol 
involved  four  2-minute  stages  of  progressive  increases  in  workload,  with  cessation  of  the 
test  if  the  individual  reached  65-70%  of  their  age-predicted  maximum  heart  rate  (1).  In 
1992,  Lang  et  al  found  that  this  ACSM  cycle  ergometry  test  underestimated  actual  V02 
values  at  all  four  workloads  from  9-58%  and  subsequently  designed  a  new  equation  (33). 
Following  this,  other  researchers  found  the  ACSM  equation  to  be  inaccurate  and  also 
designed  their  own  new  equations  (5,  34).  Anderson  and  Wadden  attempted  to  find  the 
validity  of  both  the  ACSM  equation  and  the  revised  Lang  et  al  equation  for  obese  women 
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ages  23-60  (2).  They  found  that  the  ACSM  equation  underestimated  VO2  at  all 
workloads  while  the  Lang  et  al  equation  provided  a  better  estimate  (2).  In  a  study  by 
Greiwe  et  al,  the  ACSM  submaximal  protocol  was  analyzed  for  reliability  and  validity  in 
15  men  and  15  women  aged  21-54.  Each  subject  completed  a  maximal  cycle  ergometer 
exercise  test,  followed  by  two  submaximal  ACSM  cycle  ergometry  tests.  When 
compared  to  the  true  V02max  values,  the  ACSM  test  overestimated  V02  in  85%  of  the 
subjects,  with  a  percent  error  of  25%  (21).  The  protocol  used  by  Griewe  et  al  was 
outlined  in  the  1991  ACSM  Guidelines  and  although  current  for  the  time,  has  since  been 
updated.  The  latest  edition  of  the  ACSM  Guidelines  has  once  again  published  a  new, 
modified  protocol  that  will  be  evaluated  in  the  present  thesis.  The  most  recent  version 
involves  progressively  increasing  the  workload  during  four  3 -minute  stages  (43).  The 
use  of  3 -minute  stages  as  compared  to  the  2-minute  stages  in  the  previous  protocol  gives 
the  subject’s  heart  rate  an  extra  minute  to  reach  steady-state  prior  to  the  increase  in 
workload.  Also,  the  newer  version  allows  the  subject  to  work  at  up  to  85%  of  their 
maximum  age-predicted  heart  rate  (43)  resulting  in  a  more  precise  extrapolation  and 
maximal  exercise  intensity.  Both  of  the  modifications  combine  to  offer  a  more  subject- 
specific  protocol  where  predicted  V02max  values  should  be  closer  to  measured  ones. 
Other  than  the  previously-mentioned  studies  of  the  4th  edition  protocol,  there  has  only 
been  one  other  published  study  that  reported  only  the  validity,  of  the  most  recent  ACSM 
submaximal  cycle  ergometry  protocol.  Stanforth  et  al  measured  the  accuracy  of  the 
ACSM  submaximal  cycle  ergometry  test  versus  the  equations  of  Berry  et  al,  Lang  et  al, 
Latin  and  Berg,  Londeree  et  al  and  its  own  Heritage- 1  equation  (61).  It  was  found  that 
after  20  weeks  of  training  on  a  cycle  ergometer,  the  ACSM  equation  was  the  only 
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equation  to  produce  estimated  V02max  values  that  were  not  significantly  different 
from  the  true  measured  values  (61).  Even  though  Stanforth  et  al  verified  the  validity  of 
the  5th  edition  ACSM  equation  with  715  men  and  women  age  16-65,  they  did  not  analyze 
the  reliability  of  its  measurements  and  did  not  control  for  the  female  menstrual  cycle. 
Therefore,  this  study  will  determine  the  reliability  and  validity  of  estimated  V02max 
values  from  the  5th  edition  ACSM  testing  protocol  and  equation  for  women  on  oral 
contraceptives. 

In  1993,  Latin  and  Berg  revised  the  4th  edition  ACSM  equation  for  estimating  the 
02  cost  of  exercise  performed  by  young  women  on  a  cycle  ergometer  (34).  The  new 
revised  equation  was  based  on  a  V02/power  relationship,  rather  than  heart  rate.  The 
validation  test  required  the  actual  measurement  of  gases  to  monitor  steady  rate  oxygen 
consumption.  Once  a  steady  rate  was  maintained  at  a  certain  workload,  the  workload  was 
increased  to  the  next  stage.  The  test  advanced  to  the  following  stages:  180,  360,  540,  and 
720  kgm/min.  Completion  of  the  test  occurred  when  the  subject  reached  85%  of  their 
maximum  heart  rate  (220-age)  or  finished  the  final  stage  (34).  Latin  and  Berg,  although 
using  the  ACSM  testing  protocol  and  equation  as  a  basis,  designed  the  following 
resulting  equation: 

V02(ml/min)  =  kgm/min  x  1.6  ml/min  +  ((3.5  ml/kg-min  x  kg  body  weight)  +  205 

ml/min 

The  Latin  and  Berg  equation  was  found  to  provide  submaximal  predicted  values 
in  young  women  that  were  closer  to  maximal  treadmill  results,  when  compared  to  the 
ACSM  equation.  The  designers  attributed  this  greater  accuracy  to  the  fact  that  the 
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equation  was  based  on  an  actual  VCVpower  relationship  in  women.  They  also  found 
higher  correlation  values  between  their  modified  equation  and  actual  VC^max  values  at 
each  workload.  Since  the  Latin  and  Berg  equation  was  designed  for  young  women 
similar  to  our  subject  population,  the  analysis  of  this  thesis  will  include  the  original  5th 
edition  ACSM  equation  predicted  value  along  with  the  results  of  the  revised  Latin  and 
Berg  equation  as  applied  to  our  subject’s  data. 

Prior  to  its  publication  in  next  year’s  6th  edition  of  the  ACSM  Guidelines,  a  new 
cycle  ergometry  equation  has  been  developed  (3 1).  It  uses  the  exact  same  testing 
protocol  as  the  5th  edition  ACSM  equation  and  therefore  its  validity  was  also  analyzed  in 
this  thesis.  Since  the  equation’s  accuracy  hasn’t  been  verified  and  changes  could  occur 
prior  to  its  actual  publishing  date  of  February  2000,  this  thesis  will  refer  to  it  as  the 
prospective  ACSM  equation  or  (ACSM  new).  The  prospective  ACSM  equation: 

V02(ml/min)  =  1.8  (work  rate  in  kgm/min)  •  (kg  body  weight)'1  +  7  ml/min 

Treadmill  vs.  Cycle  Ergometer  Maximal  Exercise 

To  compare  the  results  of  a  submaximal  cycle  ergometry  test  to  a  measured 
V02max  test,  both  a  cycle  ergometer  and  maximal  treadmill  have  been  used.  Although 
using  a  cycle  ergometer  for  both  tests  can  control  mechanical  efficiency,  it  has  been 
found  that  only  a  peak  V02  is  reached  on  a  bike,  rather  than  a  true  V02max  (43).  The 
“Gold  Standard”  is  known  as  maximal  treadmill  testing  (60)  because  it  is  much  harder  to 
get  individuals  to  reach  their  maximal  aerobic  capacity  on  a  cycle  ergometer  unless  they 


17 


are  cyclists,  while  obtaining  a  true  V02max  on  a  treadmill  is  more  likely  (14).  On  a 
treadmill,  the  test  does  not  depend  on  the  strength  or  fatigue-resistance  of  the  quadriceps 
muscles.  Treadmill  maximal  values  are  usually  higher,  and  are  therefore  a  true  V02max, 
relative  to  cycle  ergometry  maximal  levels,  because  of  the  greater  muscle  mass  involved 
in  treadmill  walking  or  running  (50).  In  1997,  Lockwood  et  al  compared  a  maximal 
treadmill  test  to  the  results  of  two  submaximal  cycle  ergometry  prediction  tests  (the  AF 
and  progressive  cycle  (PROG)  tests)  because  the  maximal  treadmill  test  is  the  “Gold 
Standard”  (40).  In  another  study,  both  cycle  ergometry  and  treadmill  maximums  were 
used  to  compare  predicted  values  from  a  submaximal  cycle  ergometry  test.  They  found 
an  8.5%  overestimation  in  the  predicted  value  as  compared  to  the  maximal  treadmill  test 
and  an  18.5%  overestimation  when  prediction  results  were  compared  to  the  maximal 
cycle  ergometer  test  (24).  According  to  Femhall  and  Kohrt,  cycle  ergometry  V02max 
values  are  10-15%  lower  than  those  obtained  from  a  maximal  test  on  a  treadmill  (16). 

The  difference  has  been  attributed  to  the  failure  of  reaching  a  true  V02max  on  the  cycle 
ergometer. 

The  Menstrual  Cycle  and  Oral  Contraceptives 

Oral  contraceptives  (OC)  are  prescribed  to  women  for  a  variety  of  therapeutic 
reasons.  Recently  more  and  more  women,  especially  in  the  military,  are  using  them  for 
the  convenience  they  offer  in  regulating  menstrual  cycles,  controlling  menstrual 
symptoms  and  preventing  conception.  Original  formulations  contained  higher  dosages  of 
both  estrogens  and  progestins,  however  current  OC  contain  lower  doses  of  synthetic 
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hormones  (35).  These  synthetic  hormones  are  taken  for  21  days  (Q-L),  creating  a 
lengthened  luteal  phase  with  high  progestin  levels,  followed  by  one  week  of  taking  a 
placebo  pill  (Q-F),  similar  to  the  follicular  phase  when  menses  occurs.  The  synthetic  sex 
hormones  in  OC  seem  to  mimic  the  physiological  actions  of  their  endogenous 
counterparts.  However,  to  what  extent  is  unknown.  Like  endogenous  estrogen  and 
progesterone,  research  has  shown  that  the  synthetic  estrogens  and  progestins  in  OC  can 
alter  a  female’s  physiological  response  to  exercise  (6,  1 1, 22,  36, 49). 

In  normally  menstruating  women,  body  core  temperature  is  0.2-0.60  C  higher 
during  the  luteal  phase,  when  progesterone  levels  are  high,  than  during  the  follicular 
phase  (8,  22,  26,  42,  54).  Evidence  suggests  that  the  rise  in  body  core  temperature  is  due 
to  the  increased  concentration  of  endogenous  progesterone  seen  in  the  luteal  phase  (26, 
28,  54,  62).  It  has  been  suggested  that  the  synthetic  progestins,  found  in  OC  pills,  can  be 
equally  as  potent  in  their  thermoregulatory  effects  on  female  body  temperature  as  their 
endogenous  counterparts  (54).  Just  like  endogenous  progesterone,  the  progestin 
component  of  the  pill  has  been  found  to  have  the  dominant  effect  on  thermoregulation 
because  during  the  quasi-luteal  (Q-L)  phase  of  the  pill  cycle,  female  core  body 
temperature  is  higher  than  in  the  quasi-follicular  phase  (Q-F)  (22,  54). 

Although  not  all  researchers  agree,  studies  have  shown  that  during  both 
submaximal  and  maximal  exercise  there  are  significant  differences  in  heart  rate  between 
the  luteal  and  follicular  phases  of  the  menstrual  cycle  (26,  52,  56).  Pivamik  et  al  studied 
the  menstrual  cycle  phase  effects  of  temperature  regulation  during  endurance  exercise  in 
nine  active  women.  They  found  higher  exercising  heart  rates  (by  10  beats/min)  in  the 
luteal  phase,  when  progesterone  and  body  temperature  levels  were  high,  in  eight  of  their 
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subjects.  However  the  single  subject  who  failed  to  ovulate  during  testing,  which 
inhibited  the  increase  in  progesterone,  did  not  demonstrate  a  significantly  higher 
exercising  heart  rate  or  body  temperature  in  the  luteal  phase.  Therefore,  Pivamik  et  al 
postulated  that  the  progesterone-induced  higher  core  body  temperature  during  the  luteal 
phase  caused  a  secondary  increase  in  cardiovascular  strain  during  exercise  causing  an 
increased  heart  rate  (52).  Hessemer  and  Bruck  measured  10  women’s  thermoregulatory 
responses  to  15-minutes  of  exercise  at  night  (between  0300  and  0400  hours)  in  both 
phases  of  the  menstrual  cycle.  They  also  found  that  the  increased  body  core  temperature 
in  the  luteal  phase  enhanced  heart  rate  response  by  6  beats/min  (26).  In  still  another 
study,  Schoene  et  al  found  that  maximum  heart  rates  in  both  trained  and  untrained 
women  were  significantly  higher  in  the  luteal  phase  (179  ±  2.9  compared  to  1 85  ±  3.5) 
(56).  However,  many  other  researchers  have  concluded  that  the  menstrual  cycle  does  not 
affect  heart  rate  response  during  exercise.  Horvath  and  Drinkwater  concluded  that 
hormones  do  not  influence  female  response  to  exercise  in  the  heat,  after  measuring 
thermoregulatory  variables  in  four  women  during  submaximal  treadmill  exercise.  A 
similar  heart  rate  response  to  exercise  in  three  heat  environments  was  found  regardless  of 
the  endogenous  progesterone  and  estrogen  concentrations  (28).  While  testing  the 
differences  between  menstrual  phase  and  menstrual  status  in  eight  eumenhorreic  and 
amenhorrheic  women,  DeSouza  found  no  differences  in  maximum  exercising  heart  rates 
(13).  When  analyzing  the  differences  in  vasodilation  between  the  phases  of  the  menstrual 
cycle  in  four  women,  Hirata  et  al  found  a  significantly  higher  core  body  temperature  in 
the  luteal  phase  but  no  differences  in  exercising  heart  rate  (27).  The  majority  of  studies 
have  not  demonstrated  any  substantial  alterations  in  exercising  heart  rate  during  the 
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menstrual  cycle  (13,  15,  30,  37,  48).  However,  small  subject  numbers  (between  4  and 
9)  used  by  the  previously  mentioned  studies  might  have  decreased  the  power  of  the 
statistical  tests  to  find  significant  differences  when  they  actually  did  exist. 

In  1997,  Rogers  and  Baker  measured  the  thermoregulatory  responses  of  seven 
women  using  OC.  During  the  Q-L  phase  the  subjects  had  an  elevated  heart  rate  by 
approximately  6-7  beats/min  during  exercise  as  compared  to  their  heart  rate  response  in 
the  Q-F  phase  (54).  The  authors  suggested  that  the  subject’s  elevated  body  core 
temperature,  which  was  significantly  higher  during  the  Q-L  phase  and  most  likely 
mediated  by  the  synthetic  progestin,  caused  the  increase  in  heart  rate  (54).  However, 
another  study  found  that  heart  rate  increased  similarly  in  response  to  exercise  during  the 
two  phases  (22)  and  one  study  found  that  heart  rate  actually  increased  in  the  Q-F  phase, 
however  this  was  during  heat  stress  and  not  exercise  (10).  While  using  the  same  women 
as  their  own  control,  Hartard  et  al  found  that  heart  rate  was  decreased  during  exercise  in 
the  Q-L  phase  when  compared  to  the  subject’s  heart  rate  response  to  testing  in  the  luteal 
phase  of  a  normal  menstrual  cycle  (23).  Another  study  found  no  difference  in  heart  rate, 
however  the  subjects  were  tested  twice  during  the  Q-L  phase,  during  the  first  week  of 
taking  the  pill  and  then  one  week  later  (42).  Finally,  a  study  by  Walters  and  Lim  found 
that  blood  pressure  and  cardiac  output  increased  during  submaximal  exercise  in  women 
on  OC  for  2-3  months,  with  no  increase  in  heart  rate  (66).  The  variability  in  heart  rate 
responses  in  women  using  OC  is  a  cause  for  more  study  because  more  and  more  active 
women  are  using  OC. 

In  regard  to  exercise  performance  during  OC  use,  several  studies  have  measured 
the  effects  of  OC  on  maximal  aerobic  capacity.  Daggett  et  al  measured  the  effects  of  OC 
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administration  by  testing  women  before,  during  and  6  weeks  after  2  months  of  OC  use 
During  OC  use,  a  decrease  in  V02max  and  muscle  mitochondrial  citrate  was  reported. 
However,  the  changes  returned  to  normal  by  6  weeks  post-cessation  of  the  medication 
suggesting  that  the  synthetic  hormones  in  the  OC  were  the  reason  for  the  decreased 
performance  (1 1).  In  a  longitudinal  study,  Notelovitz  et  al  monitored  the  exercise 
performance  of  6  OC  users  and  6  normal  women  over  a  6-month  period.  They  found  a  7- 
8%  decline  in  the  maximal  aerobic  capacity  of  subjects  on  OC  only  and  found  that  all 
values  returned  to  normal  one  month  after  stopping  the  use  of  OC  (49).  Lebrun  et  al 
tested  14  elite  female  athletes  during  one  ovulatory  menstrual  cycle  (both  luteal  and 
follicular  phases)  and  then  retested  subjects  during  OC  use.  There  was  a  slight  decrease 
in  the  V 02max  values  from  the  follicular  to  the  luteal  phase  which  decreased  even 
further,  to  a  5%  decrease  in  maximal  aerobic  capacity,  after  2  months  on  OC  (36). 
Therefore,  research  suggests  that  the  administration  of  exogenous  steroid  hormones  may 
have  a  slight  detrimental  effect  on  aerobic  capacity. 

Many  different  pill  formulations  are  available  consisting  of  various  combinations 
of  estrogens  and  progestins.  The  specific  effects  that  each  of  the  synthetic  estrogens  and 
progestins  have  under  resting  conditions  and  during  exercise  are  unknown.  Since  the 
1980’s  there  have  been  advancements  in  oral  contraceptive  formulation  research  and 
lower-dose  preparations  have  become  available  (35).  Each  previously  mentioned  OC 
study  tested  women  of  different  fitness  levels  who  were  using  a  wide  range  of  different 
pill  types,  from  older  high-dose  OC  to  the  latest  low-dose  formulations  containing  the 
newest  progestins.  Therefore,  interpretations  of  OC  studies  are  further  complicated  by 
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the  diversity  in  the  synthetic  hormone  components  of  the  oral  contraceptives  used,  as 
well  as  in  the  range  of  fitness  of  the  individuals  involved  (35). 

Purpose  of  this  Study 

The  number  of  military  women  using  oral  contraceptives  is  increasing.  Based  on 
previous  research,  it  is  reasonable  to  suggest  that  the  synthetic  hormones  in  OC  can 
possibly  alter  heart  rate  during  mandatory  submaximal  cycle  ergometry  tests  that  rely  on 
a  heart  rate-V02  linear  relationship.  Not  one  previous  validation  study  has  controlled  for 
the  menstrual  cycle  or  oral  contraceptive  use.  Therefore,  a  question  arises  as  to  the 
reliability  and  validity  of  a  cycle  ergometry  test  for  women  on  oral  contraceptives.  This 
can  be  important  if  predicted  levels  are  wrong  and  qualified  women  are  failing  the  test 
and  not  qualifying  for  specific  jobs.  It  can  also  be  detrimental  if  underqualified  women 
are  passing  the  test  when  they  have  not  achieved  a  certain  level  of  fitness.  It  is  also 
important  to  determine  whether  different  types  of  oral  contraceptives  will  provide 
alternate  results  during  submaximal  testing.  The  purpose  of  this  study  (as  previously 
mentioned)  was  to  analyze  the  validity  and  reliability  of  two  submaximal,  heart  rate- 
dependent  cycle  ergometry  tests  as  predictors  for  V02max  in  women  on  OC-  using  both 
the  Air  Force  modified  A-R  protocol  and  the  ACSM  submaximal  testing  protocol. 
Values  within  ±  5%  of  actual  measured  V02max  were  considered  valid  and  reliability 
was  determined  by  the  consistency  between  the  two  measurements  in  each  phase  of  the 
cycle.  This  study  also  assessed  the  effect  of  oral  contraceptives,  particularly 
progesterone-like  synthetics,  on  heart  rate  during  submaximal  exercise. 
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Chapter  3 


EXPERIMENTAL  METHODOLOGY 


Subjects 

Eighteen  healthy  women  (19-22  years  of  age)  of  average  fitness  (3-5  days  per 
week  of  aerobic  activity)  were  recruited  for  this  study  (refer  to  Table  3  for 
characteristics).  Approval  for  the  research  protocol  was  obtained  from  the  Penn  State 
University  Institutional  Review  Board.  Each  subject  signed  an  informed  consent  form, 
that  outlined  the  nature  and  details  of  the  study,  filled  out  a  personal  information 
summary  sheet  and  answered  a  health  questionnaire  (copies  included  in  the  appendix). 
Subjects  were  given  a  thermometer  and  a  temperature  chart  to  record  their  early  morning 
temperature  through  one  month  (or  one  cycle).  This  was  done  to  ensure  that  a  distinct 
temperature  pattern  was  noted  between  the  Q-F  and  Q-L  phases.  Each  subject  reported 
for  testing  dressed  in  appropriate  exercise  clothing  and  having  complied  with  the 
following  predetermined  guidelines  (also  used  prior  to  AF  testing): 

-  No  eating  within  1  hour  of  the  test  (a  recommended  breakfast  of  cereal  and 
toast) 

-  No  caffeine  within  12  hours 


No  alcohol  within  24  hours 
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Minimum  of  6  hours  sleep  the  night  before  (8  hours  recommended) 

-  No  other  medication  taken  (definitely  no  (3  blockers) 

-  No  aspirin  taken  24  hours  prior  to  testing 

Subjects  have  had  one  year  of  continual  oral  contraceptive  use 


Mean 

SD 

Range 

Age  (years) 

20.6 

0.2 

19-22 

Mass  (kg) 

60.3 

1.6 

50.7-73.8 

Height  (cm) 

164.9 

1.00 

158-173 

Table  3.  Characteristics  of  Subjects 


None  of  the  subjects  smoked  and  all  but  one  had  been  using  OC  for  one  year  or 
more  (one  subject  had  been  on  OC  for  10  months).  Eleven  different  OC  formulations, 
with  differing  amounts  of  synthetic  hormones  were  used  by  the  women  in  this  study 
(refer  to  Table  4).  All  of  the  pills  contained  the  same  estrogen  component,  ethinyl 
estradiol,  in  similar  amounts  (between  20  and  40  pg).  However  the  synthetic  progestin 
components,  some  of  which  are  structurally  similar  (levonorgestrel,  norethindrone, 
noregestimate,  noegestrol,  ethinodiol  diacetate  and  desogestrel)  accounted  for  the 
differences  between  pill  types.  The  1 1  OC  formulations  were  then  compacted  into  4 
structurally  related  categories  based  on  the  synthetic  progestins.  These  groups  paired 
norgestimate  with  levonorgestrel  and  ethinodiol  diacetate  with  norethindrone,  leaving 
desogestrel  and  noegestrol  in  each  of  their  own  groups.  After  further  analysis  of  the 
temperature  curves  throughout  one  pill  cycle,  the  pill  types  were  regrouped  based  on  their 
influence  on  body  temperature  (Table  5).  Although  pills  were  similar,  differences  in 
formulations  were  taken  into  consideration  statistically  in  the  results  section. 
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Oral  Contraceptive 

n 

Days 

Estrogen 

(mg) 

Progestin 

(mg) 

Ortho-Novum  7/7/7 

i 

1-7 

0.035  EE 

0.50  NET 

8-14 

0.035  EE 

1.00  NET 

15-21 

0.035  EE 

0.50  NET 

Loestrin 

i 

1-7 

0.020  EE 

1.00  NET 

8-21 

0.020  EE 

1.50  NET 

Ortho-Tricyclen 

5 

1-7 

0.035  EE 

0.180  NGM 

8-14 

0.035  EE 

0.215  NGM 

15-21 

0.035  EE 

0.250  NGM 

Ortho-cyclen 

2 

1-21 

0.035  EE 

0.250  NGM 

Triphasil 

2 

1-6 

0.030  EE 

"0.050  LNG 

7-11 

0.040  EE 

0.075  LNG 

12-21 

0.030  EE 

0.125  LNG 

tri-levlin 

2 

1-6 

0.030  EE 

0.050  LNG 

7-11 

0.040  EE 

0.075  LNG 

12-21 

0.030  EE 

0.125  LNG 

Nordette 

1 

1-21 

0.030  EE 

0.150  LNG 

Levora-28 

1 

1-21 

0.030  EE 

0.150  LNG 

Lo/Ovral 

1 

1-21 

0.030  EE 

0.150  NGL 

Demulen 

1 

1-21 

0.035  EE 

1.00  EDT 

Ortho-cept  28 

1 

1-21 

0.030  EE 

0.150  DGL 

Table  4.  Oral  Contraceptive  Formulations:  The  synthetic  steroid  content  of  each  of  the 
OC  used  by  the  subjects  in  this  study,  where  is  the  number  of  subjects  in  the  study  on 
that  specific  OC  and  “Days”  identifies  the  dosage  regimen.  Tri-levlin,  Tri-phasil,  Ortho- 
tri-cyclen  and  Ortho  Novum  are  tri-phasic  pills  where  the  amount  of  hormone  in  each  pill 
varies  across  the  21 -day  cycle.  Each  pill  cycle  consists  of  the  individual  taking  one 
synthetic  hormone  pill  each  day  for  21  days  followed  by  7  days  of  taking  a  placebo  pill. 
Day  1  denotes  the  first  day  the  subject  starts  a  new  packet  of  pills.  NET=  Norethindrone, 
NGM=  Noregestimate,  LNG=  Levonorgestrel,  NGL=  Noegestrol,  EDT=  Ethinodiol 
Diacetate,  DGL=  Desogestrel 


Progestin 

OC 

Norgestimate 

n=7 

Ortho-tricyclen  and  Ortho-cyclen 

Levonorgestrel 
n= 5 

Nordette,  Tri-phasil,  Tri-levlin  and  Levora-28 

Ethinodiol  Diacetate  and  Norethindrone 
n= 3 

Demulen,  Ortho-Novum  7/7/7  and  Loestrin 

Noegestrol  and  Desogestrel 
n= 2 

Lo/Ovral  and  Ortho-cept  28 

Table  5.  Oral  Contraceptives  Grouped  Based  on  Similar  Temperature  Profiles 


Testing 
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Two  phases,  a  quasi-follicular  (Q-F)  and  a  quasi-luteal  (Q-L)  were  identified  in 
the  28-day  cycle  (refer  to  Figure  1).  Subjects  were  tested  between  days  8-15  of  the  21- 
day  period  of  taking  pills  (Q-L)  and  two  weeks  later,  days  26-28  (Q-F),  when  placebo 
pills  were  being  taken.  The  3 -day  window  in  the  quasi-follicular  phase  allowed  testing  to 
be  conducted  after  4  days  of  the  subject  not  taking  hormones,  ensuring  maximal 
clearance  of  the  synthetic  hormones  from  the  bloodstream.  In  each  phase,  a  maximal  test 
was  conducted  one  day  followed  by  a  day  of  rest  and  then  a  day  of  submaximal  testing. 
The  two  submaximal  tests  (AF  cycle  ergometry  and  ACSM)  occurred  on  the  same  day 
with  a  30-minute  rest  period  in  between.  Oral  temperatures,  height  and  weight  were 
taken  immediately  prior  to  all  testing.  Testing  was  conducted  at  the  same  time  of  day,  in 
the  morning  (approximately  0700-1200  hours)  on  testing  days.  A  random  order  was 
assigned  according  to  each  woman’s  individual  menstrual  cycle,  where  some  subjects 
were  tested  in  the  Q-F  phase  first  while  others  were  tested  in  the  Q-L  phase  first.  Also, 
the  order  of  the  submaximal  tests  were  randomized  between  subjects,  but  kept  consistent 
for  each  subject  between  phases.  Rating  of  Perceived  Exertion  (RPE)  (7)  measurements 


were  recorded. 
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Figure  1 .  Hormonal  Fluctuations  during  the  OC  Menstrual  Cycle 

Maximal  Treadmill  Testing 

To  determine  maximum  02  uptake,  subjects  were  tested  to  physical  exhaustion.  Tests 
were  terminated  when  subjects  met  two  of  the  following  four  criteria:  1)  attained  a 
leveling  of  VO2  although  workload  increased,  2)  the  subject’s  heart  rate  reached  age- 
predicted  maximum,  3)  the  R  (Respiratory  Exchange  Ratio)  reached  1 . 1  or  higher  (40)  or 
4)  volitional  exhaustion  or  an  RPE  of  19  or  20. 

Maximal  tests  were  performed  on  either  of  two  types  of  treadmills.  One  treadmill, 
the  Precor  USA  C962  was  set  to  increase  by  2%  increments  in  grade  while  the  other,  the 
Quinton  Instruments  Company  Model  #18-60-1,  was  set  for  2.5%  increases  in  grade. 

The  test  protocol  was  designed  to  progressively  increase  the  subject’s  work  intensity  until 
an  exhaustive  state  was  reached.  In  brief,  subjects  performed  a  warm-up  walk  on  a  0% 
grade  at  3.0  mph  for  2  minutes.  This  was  followed  by  a  1 -minute  warm-up  run  on  a  0% 
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grade  at  either  5.5  or  6  mph  (dependent  on  the  individual’s  reported  activity  level). 

Every  2  minutes  the  grade  was  increased  by  2-2.5%  depending  on  which  treadmill  was 
used.  This  continued  until  exhaustion  and  the  previously  mentioned  criteria  were  met. 
All  subjects  (n=d8)  attained  at  least  two  of  the  four  criteria  during  maximal  testing.  A 
12-lead  electrocardiogram  (Marquette  Electronics  EKG)  was  used  to  measure  and 
monitor  heart  rate  while  gases  (02  and  C02)  were  measured  using  a  dry-gas  meter,  a 
Beckman  C02  Medical  Gas  Analyzer  LB-2,  and  an  Applied  Electrochemistry 
Incorporated  02  Analyzer. 

Submaximal  Cycle  ErgometrV  Tests 

Submaximal  tests  occurred  between  24  and  72  hours  after  maximal  exercise  testing. 
Due  to  scheduling  conflicts,  it  was  impossible  to  have  all  18  subjects  report  for  their 
submaximal  testing  48  hours  after  the  maximal  test.  Therefore,  five  subjects  came  in  24 
hours  after  and  three  subjects  came  72  hours  after  maximal  exercise  testing  during  one 
testing  phase.  A  random  order  was  assigned  as  to  which  test  would  be  completed  first, 
the  ACSM  or  the  AF.  A  minimum  of  20  and  up  to  35  minutes  was  used  as  resting  time 
between  the  two  tests.  Subjects  were  instructed  to  bring  in  a  first  morning  sample  of 
urine  on  each  day  of  submaximal  testing.  An  antecubital  venous  blood  sample  was  also 
taken  just  before  the  first  test  began.  The  collected  blood  was  used  in  a  related  study  for 
measurements  not  reported  in  this  text.  Prior  to  testing,  subjects  were  properly  positioned 
on  an  81 8E  Monark  cycle  ergometer  with  upright  posture,  5°  bend  in  the  knee  at  maximal 
leg  extension  and  hands  placed  in  the  proper  resting  position  on  the  handlebars.  Subjects 
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were  then  asked  to  warm-up  at  0.5  kp  for  2  minutes  prior  to  starting  the  tests.  Expired 
gas  measurements  were  measured  as  before  and  a  12-lead  EKG  monitored  heart  rate.  A 
cool  down  period  of  5  minutes  at  0.5  kp  was  initiated  at  the  completion  of  the  test. 

Submaximal  Cycle  Ergometrv  Test  #1  (AF  cycle  ergo  me  try) 

The  starting  workload  was  calculated  using  age,  sex,  body  weight  and  exercise  history 
(See  Table  6**).  Subjects  began  pedaling  at  50  rpm  and  maintained  this  rate  throughout 
the  test.  The  workload  was  increased  until  a  steady-state  heart  rate  between  130-150  bpm 
was  achieved  (See  Table  7**).  Subjects  worked  between  6  and  14  minutes,  reaching  a 
heart  rate  that  did  not  fluctuate  ±  5  bpm  over  2  consecutive  minutes  during  a  6-minute 
constant  workload  setting.  When  this  steady-state  occurred,  the  test  was  terminated.  The 
steady  state  heart  rate,  which  was  the  average  of  the  last  two  heart  rate  readings  and  final 
workload  values  from  the  test,  was  entered  into  the  AF  Fit-Soft  software  containing  the 
AF  cycle  ergometry  test  program  (60).  The  computer  program  used  a  computation 
containing  age,  weight,  height,  average  ending  heart  rate,  a  conversion  constant  for  body 
surface  area  and  final  workload  to  calculate  each  subject’s  predicted  VC^max  (25). 
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Weight 

<54.88  kg 

<63.95  kg 

<73.02  kg 

<82.09  kg 

Exercise  History 

Active 

Inactive 

Active 

Inactive 

Active 

Inactive 

Active 

Inactive 

Workload  (kp) 

Table  6.  Initial  Workload  Cycle  Settings  for  Females  aged  17-35 


Workload 

+  1  kp 

+  0.5  kp 

+  0.0  kp 

Terminate 

Minute 

4 

6 

8 

H 

H 

■1 

u 

6 

8 

Heart  Rate 

<110 

<110 

<115 

m 

9 

119 

129- 

HR>  85% 

H 

1 

173 

of  max 

Table  7.  Progression  Workload  Cycle  Changes  for  Females  aged  17-35* 


*Note:  Heart  rates  used  to  determine  workload  progression  are  taken  at  the  end  of  the 
minute.  For  example,  minute  four  of  the  test  is  performed  at  the  initial  workload,  with 
the  heart  rate  at  the  end  of  minute  four  (3:55)  determining  the  workload  progression  for 
minute  five  using  the  “Minute  4”  workload  progression  column.  The  heart  rate  at  the  end 
of  the  sixth  minute  (5:55)  would  then  determine  the  workload  progression  for  minute  7 
using  the  “Minute  6”  workload  progression  column. 

*Note:  If  at  minute  8  there  have  been  6  constant  workloads  and  any  last  three  heart  rates 
were  125  or  greater  (in  steady  state)  the  test  should  be  terminated.  Otherwise,  continue 
the  test  and  increase  the  workload  according  to  the  chart. 

**Note:  The  above  tables  contain  testing  parameters  pertaining  to  subjects  in  the  present 
study  only.  The  above  information  was  used  with  permission  from  the  Air  Force 
Exercise  Physiology  Laboratory,  Brooks  AFB,  TX. 
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Submaximal  Cycle  Ergometrv  Test  #2  (ACSMf 

The  ACSM  cycle  ergometry  test  protocol  consists  of  3 -minute  stages  with  appropriate 
increments  in  workload.  The  present  study  used  4  separate  stages  in  which  workload  was 
increased  from  0.5  kp  to  1 .5  kp  to  2.0  kp  and  to  2.5  kp.  Heart  rate  was  monitored  and 
recorded  via  EKG  during  the  last  15  seconds  of  each  minute  in  each  3 -minute  stage.  This 
was  done  to  ensure  that  a  steady  state  heart  rate  was  achieved  prior  to  the  increase  in 
workload.  A  constant  pedal  speed  of  50  rpm  was  maintained  throughout  the  test.  The 
test  was  terminated  at  the  end  of  the  fourth  stage.  The  final  heart  rate  at  each  workload 
was  then  used  to  determine  a  linear  regression  line  to  the  maximum  age-predicted  heart 
rate.  This  corresponded  to  a  maximal  exercise  intensity  from  which  V02max  was 
estimated.  The  following  is  the  equation  used  to  determine  the  ACSM  predicted  value: 

V02  (ml/min)  =  3.5ml/kg-min  x  kg  body  weight  +  2.0  x  power  output  (kgm/min) 

Prior  to  the  publishing  date  of  the  6th  edition  of  the  ACSM’s  Guidelines  for 
Exercise  Testing  and  Prescription,  the  investigators  of  this  study  were  notified  of  a 
modification  to  the  ACSM  equation  that  will  be  published  in  the  new  edition  of  the 
ACSM  Guidelines.  The  prospective  ACSM  equation  reads  as  follows: 


V02  (ml/min)  =  (1 .8  ml/kg-min  x  work  rate  (kg-m/min))  •  (kg  body  weight)'1  +  7  ml/min 


Statistical  Analysis 
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Submaximal  heart  rates  from  the  ACSM  test  were  extrapolated  to  age-predicted 
maximum  heart  rate  by  linear  regression.  To  compare  the  estimates  of  V02max  from  the 
ACSM  equations  and  the  AF  test  to  true  V02max,  paired  t-tests  were  used.  Also,  to 
compare  temperatures  between  phases,  R  at  a  constant  workload  and  V02  at  a  constant 
workload,  paired  t-tests  were  used.  A  paired  t-test  was  also  used  to  assess  the  reliability 
of  the  AF  and  ACSM  tests  across  the  two  phases.  Standard  error  of  the  mean  was 
calculated  in  all  situations,  as  well  as  correlation  coefficients.  Percent  error  of  the 
predicted  value  from  the  measured  V02  max  was  found  using  the  equation  ((estimated- 
measured)/measured*100).  Analysis  of  variance  (ANOVA)  was  used  to  determine 
phase-related  differences  in  heart  rate,  temperature,  estrogen  content  of  the  pill,  true  max, 
the  AF  test,  the  ACSM  equation  and  the  new  ACSM  equation  between  the  pill  groups. 
ANOVA  was  also  used  to  determine  the  phase-related  differences  in  heart  rate  at  the 
various  workloads  of  the  ACSM  test.  The  level  of  statistical  significance  was  set  at  the 
alpha  level  of  0.05. 
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Chapter  4 


RESULTS 

A  total  of  18  women  were  recruited  for  this  study,  however  only  17  are  included 
in  these  results.  One  subject’s  data  was  unusable  due  to  an  incomplete  test  in  the  Q-F 
phase  and  an  unexpected  sickness  that  required  antibiotics.  Testing  was  randomized 
between  phases  (8  subjects  tested  in  the  Q-L  phase  first  and  9  subjects  tested  in  the  Q-F 
phase  first)  and  between  submaximal  tests  (9  subjects  completed  the  AF  test  first  and  8 
subjects  completed  the  ACSM  test  first). 

Body  Temperature 

Each  subject  plotted  her  temperature  on  a  chart  for  one  28-day  menstrual  cycle.  This 
was  done  in  order  to  determine  the  efficacy  of  the  pill  by  ensuring  that  a  definite 
temperature  difference  existed  between  the  Q-F  and  Q-L  phases.  These  temperature 
charts  were  also  used  to  determine  similar  biological  effects  among  the  eleven  different 
pill  formulations  used  by  the  subjects  in  this  study.  Patterns  were  noted  by  separating 
each  subject  into  one  of  four  pill  formulation  categories:  Group  PI  (n=7)  progestin: 
norgestimate,  Group  P2  (n=5)  progestin:  levonorgestrel,  Group  P3  (n=3)  progestins: 
norethindrone  and  ethinodiol  diacetate  and  Group  P4  (n=2)  progestins:  noegestrol  and 
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desogestrel.  Each  group  had  a  cyclic  pattern  in  which  the  lowest  temperatures  ranged 
from  days  26-28  and  days  1-4,  with  the  highest  temperatures  peaking  around  day  20 
(Figure  2).  Significant,  pill-related  differences  in  temperature  curves  across  the  entire  28- 
day  cycle  (P  =  0.002)  were  observed  and  among  each  pill  type,  the  cycles  themselves 
were  significantly  different  between  the  Q-L  and  Q-F  phases  (P=0.0001).  Due  to  small 
group  numbers  and  the  same  cyclic  pattern  noted  in  all  four  groups,  only  the  average 
temperature  curve  was  plotted  (Figure  2).  However,  overall  PI  had  the  lowest 
temperature  curve  that  was  significantly  different  from  P2  (P=0.0007)  and  P4 
(P=0.0016).  There  was  also  a  significant  difference  (P=0.009)  in  the  morning  of  testing 
temperature  values  (°C)  between  the  Q-L  and  Q-F  phases  (Q-L  =  36.4  ±  0.077,  Q-F  = 


36.1  ±  0.087).  The  estrogen  content  of  the  pills  did  not  contribute  to  the  significant 


Figure  2.  Mean  oral  temperature,  from  each  subject’s  chart,  as  a  function  of  time  over 
the  course  of  the  28-day  controlled  menstrual  cycle  during  oral  contraceptive  use.  Values 
are  expressed  as  means  ±  SE.  A  significant  difference  in  the  temperature  curve  was 
found  between  the  Q-L  (Days  1-21)  and  Q-F  (Days  22-28)  phases. 


Maximal  Treadmill  Test 
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The  V02max  test  was  lower  (by  1.1  ±  0.63  ml  •kg'1  •min'1)  in  Q-L  than  in  Q-F  (Q- 
L=  38.2  ±  1.1  ml^kg'Win' 1 Q-F=  39.3  ±1.1  ml*kg''*mm  \  P=0.055,  Figure  3).  Eleven 
women  showed  an  increase  in  V02max  in  the  Q-F  phase  and  6  showed  a  decrease 
relative  to  the  Q-L  phase.  This  increase  was  not  specific  to  pill  type. 


Figure  3.  The  effect  of  oral  contraceptive  cycle  phase  on  maximal  aerobic  capacity. 
Different  pill  types  are  noted  by  symbols. 

Validity  and  Reliability  of  the  Air  Force  Test 

Comparison  of  the  AF  submaximal  cycle  ergometry  test  to  the  maximal  values 
reveals  a  slight,  non-significant  (1.5%)  overestimation  in  the  Q-L  phase  (AF=  38.8  ±  1 .8 
ml-kg'^min'1  vs.  Max=  38.2  ±  1.1  ml*kg'1*min'1,  P=0.3)  and  a  larger  underestimation 
(5%)  in  the  Q-F  phase  (AF=  37.4  ±  1.8  ml^kg'^min'1  vs.  Max=  39.3  ±1.1  ml  •kg'1  •min'1. 
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(5%)  in  the  Q-F  phase  (AF=  37.4  ±  1.8  mMcg'^min1  vs.  Max=  39.3  ±1.1  ml#kg' 
'•min'1,  P=0.06,  Figures  4  and  5.1).  Figure  5  displays  graphically  the  relationship 
between  the  V02max  estimates  and  the  measured  V02max  values  for  each  of  the  3 
equations  in  both  phases  of  testing,  including  the  r  and  p  values.  Graph  5.1  shows  the 
differences  between  the  Q-F  and  Q-L  AF  tests.  The  AF  test  in  the  Q-F  phase  had  both  a 
higher  correlation  and  lower  SE  than  the  Q-L  test,  however  the  majority  of  the  estimates 
produced  values  below  the  line  of  identity,  representing  an  underestimation  of  V02max. 
As  shown  in  Figure  6,  both  of  the  tests  were  within  the  ±  5%  validity  range  used  in  this 
study’s  testing  protocol.  There  were  no  significant  differences  in  average  R  or  V02 
between  the  Q-L  and  Q-F  phases  for  the  AF  test.  There  was  a  significant  difference 
(P<0.05)  between  the  predicted  V02max  values  of  the  AF  test  between  the  two  phases 
(Q-L=  38.8  ±  1.8  ml«kg'1«min'1,  Q-F=  37.4  ±1.8  ml-kg'^min P=0.02)  and  also 
between  the  final  average  heart  rates  used  to  calculate  the  predicted  V02max  values  (Q- 
L=  141.5  ±  3.4,  Q-F=  147.6  ±  3.6,  P=0.003). 


Figure  4.  Comparison  of  V02max  (mean  and  SE)  estimated  using  submaximal  cycle 
ergometry  tests  (AF  and  ACSM)  and  measured  during  maximal  treadmill  exercise. 


Predicted  V00max  Predicted  V0omax 


Figure  5.1  AF  Test  Figure  5.2  ACSM  Test 


Figure  5.4  ACSM  using  True  HR 


Figure  5.  Graphic  display  of  the  relationship  between  V02max  estimates  and  the 
measured  V02max  values  for  each  of  the  equations.  Closed  circles  =  Q-L  and  open 
circles  =  Q-F.  q-l 


6 
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ACSM 

NEW 

£  ACSM  HR 


Figure  6.  Differences  in  estimated  and  measured  oxygen  uptake  expressed  as  a  percent  of 
the  measured  oxygen  uptake.  *  Denotes  significance  from  measured  value. 


Validity  and  Reliability  of  the  ACSM  Test 
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The  comparisons  between  the  maximal  test  values  and  the  ACSM  cycle 
ergometry  test  resulted  in  a  statistically  significant  difference  only  in  the  Q-F  phase  (Q- 
F=  36.1  ±  1.4  ml^kg'^min'1  vs.  Max=  39.3  ±1.1  ml-kg'^min'1,  P=0.003-  Figure  4).  In 
both  phases  however,  the  ACSM  test  underestimated  VC^max,  Q-L  (3%)  and  Q-F  (8%), 
as  shown  in  Figure  5.2  and  6.  In  comparison  to  the  AF  test,  the  ACSM  predicted  values 
were  lower  and  therefore  more  highly  underestimated  (Figures  4  and  6).  There  was  a 
significant  difference  (P<0.05)  in  the  heart  rate  data  between  phases.  Since  standardized 
workloads  were  used  during  the  ACSM  test  only  (at  0.5, 1.5,  2.0,  and  2.5  kp),  heart  rate 
comparisons  between  phases  were  analyzed.  In  Figure  7,  the  Q-F  heart  rate  curve  was 
significantly  higher  (P=0.02)  than  the  Q-L  curve,  across  the  entire  workload  sequence. 


Figure  7.  Mean  heart  rates  at  each  workload  during  the  ACSM  test  are  plotted.  The  mean 
heart  rate  curve  shows  that  heart  rates  were  significantly  higher  in  the  Q-F  phase  as 
compared  to  the  Q-L  phase. 
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In  the  ACSM  equation,  submaximal  heart  rates  are  extrapolated  to  maximum 
age-predicted  heart  rate  through  the  use  of  a  linear  regression  line.  Instead  of  using  age- 
predicted  max  heart  rate,  actual  measured  max  heart  rate  (recorded  during  the  treadmill 
max  test)  was  used  to  determine  the  predicted  V02max  value  for  the  ACSM  equation. 
This  was  done  because  previous  research  has  suggested  that  estimated  values  are  more 
accurate  when  the  measured  maximal  heart  rate  is  used,  as  opposed  to  the  age-predicted 
maximal  heart  rate  value.  As  shown  in  Figures  5.4  and  6,  using  the  true  maximal  heart 
rate  of  the  individual  resulted  in  an  even  greater  underprediction  with  a  higher  percent 
error  of  the  estimated  value  compared  to  the  ACSM  equation  using  age-predicted 
maximal  heart  rate. 

Validity  and  Reliability  of  the  New  ACSM  Equation 

When  compared  to  the  maximal  values,  as  shown  in  Figures  4  and  6,  the  new 
ACSM  equation  underpredicted  in  both  the  Q-L  (2.4%)  and  Q-F  (7.3%)  phase.  Yet,  it 
was  a  more  reliable  estimate  of  V02max  than  the  original  ACSM  equation,  by  0.17  and 
0.24  ml*kg  '•min  1  in  the  Q-L  and  Q-F  phases,  respectively  (Figure  6).  There  was  no 
significant  (P>0.05)  difference  from  the  measured  V02max  value  in  the  Q-L  phase,  but 
the  estimated  values  in  the  Q-F  phase  were  significantly  lower  (Q-F=  36.4  ±  1.2  ml*kg" 
'•min  1  vs.  Max=  39.3  ±  1.1  ml»kg’'«min"',  P^O.003-  Figures  5.3  and  6). 


Results  Independent  of  Fitness  Level 
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In  order  to  be  sure  that  the  results  for  the  AF  and  ACSM  tests  did  not  rely  on  the 
fitness  level  of  the  individual,  the  differences  between  the  predicted  value  and  the  true 
V02max  value  were  plotted  versus  true  V02max.  There  were  no  evident  patterns  and  no 
statistical  significance  between  any  of  the  predicted  (AF,  ACSM,  ACSM  new)  and  true 
V02max  values  in  regards  to  fitness  level.  Therefore,  fitness  level  was  not  a  factor  in 
determining  the  predictive  ability  of  the  submaximal  tests  studied  in  the  present  study. 

The  differences  between  the  true  V02max  values  in  the  two  phases  were  also 
plotted  versus  the  V02max  in  the  Q-L  phase  and  the  V02max  in  the  Q-F  phase.  No 
significant  differences  were  noted  for  individuals  at  various  fitness  levels. 

Body  Weight 

There  were  no  significant  changes  in  subject  body  weight  (±  0.2  kg)  between  the 
Q-L  and  Q-F  phases. 

Results  Between  Pill  Groups 

The  phase-related  differences  in  heart  rate  (Figure  7),  oral  temperature  taken  the 
morning  of  testing,  true  V02  max,  the  measured  values  for  the  AF  test,  the  original 
ACSM  equation  and  the  new  ACSM  equation  did  not  depend  upon  the  pill  type.  The 
predictive  ability  of  all  3  submaximal  cycle  ergometry  equations,  as  compared  to  true 
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maximal  values  in  both  the  Q-L  and  Q-F  phases,  were  not  different  due  to  pill  type. 

All  pill  groups  demonstrated  higher  heart  rates  in  the  Q-F  phase  therefore  negating  any 
specific  heart  rate  effects  to  pill  type.  Although  not  statistically  significant,  due  to  small 
group  numbers  and  large  standard  errors,  Group  P2  (n=5)  had  the  highest  heart  rates 
while  Group  P4  (n=2)  had  the  lowest  heart  rates  in  both  phases  of  testing.  However 
when  looking  at  the  change  in  heart  rate  between  the  Q-L  and  Q-F  phases,  there  were  no 
significant  differences  between  pill  groups.  In  comparing  predictive  values  to  maximal 
values,  there  was  overall  consistency  since  the  predictive  value  for  each  of  the  three  tests, 
across  the  4  pill  groups,  was  higher  in  the  Q-L  phase  than  in  the  Q-F  phase.  In  regard  to 
maximal  test  comparisons,  Group  PI  (n=7)  had  estimated  values  very  close  to  the 
measured  values  for  VO2  max  while  Group  P3  (n=3)  seemed  to  contribute  to  the  overall 
underestimation  and  Group  P2  was  probably  the  major  contributor  to  the  underestimation 
of  values.  Group  P4  was  the  reason  for  the  overestimation  in  the  Q-L  phase  of  the  AF  test 
and  the  balancing  factor  preventing  the  extreme  underestimation  of  the  ACSM  equations. 
Group  P4  was  also  the  only  group  where  the  true  V02max  value  was  higher  in  the  Q-L 
phase  as  compared  to  the  Q-F  phase. 

Individual  Results  for  the  AF  and  New  ACSM  Equation 

Figure  8  illustrates  the  individual  deviations  from  the  true  V02max  values  (shown 
as  a  percent  difference)  for  the  AF  test  and  new  ACSM  equations  in  both  the  Q-L  and  Q- 
F  phases.  Although  the  mean  predicted  VC^max  (by  the  AF  test)  was  closest  to  true 
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V02max  in  the  Q-L  phase,  the  new  ACSM  equation  resulted  in  more  individual 
estimated  VC^max  values  that  were  within  the  ±  5%  validity  range. 


AF  ACSM  AF  ACSM 

Luteal  Follicular 


Figure  8.  Individual  differences  in  estimated  and  measured  VC^max  values  expressed  as 
a  percent  of  the  measured  oxygen  uptake. 


Fitness  Rankins 


In  both  the  Q-F  and  Q-L  phases,  the  AF  test  placed  41%  of  the  subjects  into  the 
correct  fitness  categories  according  to  their  VC^max  values  (Table  8).  In  the  Q-L  phase, 
35%  of  the  subjects  were  placed  in  a  higher  fitness  category  and  23%  were  placed  in  a 
lower  fitness  category  than  where  they  should  be  based  on  their  true  VC^max  values.  In 
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the  Q-F  phase,  the  AF  test  incorrectly  placed  52%  of  the  subjects  in  a  lower  fitness 
category  and  only  one  subject  was  placed  at  a  higher  fitness  level.  Overall  none  of  the 
subjects  failed  the  test,  in  either  phase,  by  receiving  an  estimated  V02max  value  below 
28  ml  •kg'1  •min'1. 

For  both  the  Q-L  arid  Q-F  phases,  the  new  ACSM  equation  placed  57%  of  the 
subjects  in  a  fitness  category  below  where  they  should  actually  be  placed.  In  the  Q-F 
phase,  3  subjects  were  placed  two  fitness  categories  below  their  true  classification.  Only 
one  subject,  in  the  Q-L  phase,  was  incorrectly  placed  into  a  higher  fitness  category. 
Therefore,  although  the  ACSM  test  estimates  exhibited  fewer  deviations  from  true 
V02max,  the  AF  test  resulted  in  more  accurate  placement  in  fitness  categories. 


PHASE 

TEST 

Equal 

Under 

Over 

Q-L 

AF 

4i% 

23% 

35% 

Q-F 

AF 

41% 

52% 

6% 

Q-L 

ACSM 

37% 

57% 

6% 

Q-F 

ACSM 

41% 

57% 

0% 

Table  8.  The  percent  of  subjects,  using  the  estimated  V02max  values  from  the  AF  and 
new  ACSM  equations,  that  were  placed  in  fitness  categories  equal,  under  or  over  the  true 
classifications  using  measured  V02max. 
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Chapter  5 


DISCUSSION 


This  study  sought  to  determine  the  validity  and  reliability  of  two  submaximal 
cycle  ergometry  tests  across  a  controlled  menstrual  cycle  in  young  women  using  oral 
contraceptives.  Based  on  the  results,  the  AF  submaximal  cycle  ergometry  test  based  on 
the  A-R  nomogram  is  a  valid  predictor  of  maximal  aerobic  capacity  for  young  women  on 
OC.  The  ACSM  cycle  ergometry  method  of  estimation  also  appears  to  be  a  valid 
predictor,  with  some  reservations.  The  difference  between  the  ACSM  estimated  V02max 
and  the  true  VC>2max  value  was  greater  than  the  AF  test  results.  The  new  ACSM 
equation  should  be  used  with  the  original  protocol  for  the  most  accurate  results.  All  three 
equations  showed  a  difference  in  their  predictions  of  maximal  aerobic  capacity  between 
the  two  phases;  therefore,  submaximal  testing  cannot  be  reliably  administered  through  an 
OC-controIled  menstrual  cycle.  Thus,  for  the  most  valid  results  testing  should  occur  in 
the  Q-L  phase.  The  phase-related  differences  in  the  estimated  values  is  possibly  related 
to  a  hormonal  influence  on  the  female  heart  rate  response  to  submaximal  exercise  that 
needs  to  be  further  analyzed. 


Maximal  Treadmill  Test 
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Maximal  aerobic  capacity  was  slightly  higher  (by  1.1  ±  0.63  mUlcg'Umin’1)  in  the 
Q-F  phase  (P=0.055).  This  is  consistent  with  previous  studies  that  have  reported  a 
decrease  in  V02max  for  subjects  who  begin  taking  oral  contraceptives  (1 1,  36, 49).  The 
reasons  for  the  differences  in  V02max  values  have  been  attributed  to  changes  in  body 
weight,  substrate  metabolism  and  possibly  oxygen  delivery  to  the  tissues  during  the 
progression  to  maximal  exercise.  Daggett  et  al  and  Notelovitz  et  al  tested  women  before, 
during  and  after  OC  use  (0.035  mg  of  ethinyl  estradiol  and  0.4  mg  of  nerethindrone). 

They  found  a  7-8%  decrease  in  V02max  during  OC  use  (Q-L  phase  testing)  which 
returned  to  normal  after  cessation  of  the  medication  (1 1, 49).  Notelovitz  et  al  attributed 
this  finding,  in  part,  to  the  approximately  2-kg  increase  in  weight  gained  by  the  women 
on  OC  (49).  However,  the  present  study  only  noted  a  weight  difference  of  ±  0.2  kg 
between  the  two  phases.  The  changes  in  substrate  metabolism,  stimulated  by  the  OC  pill, 
were  the  reason  Daggett  et  al  found  a  difference,  but  the  present  study  did  not  measure 
the  correct  variables  to  draw  a  similar  conclusion  (11).  Lebrun  et  al  also  measured  a  5% 
decrease  in  V02max  after  2  months  on  OC,  with  no  effect  on  maximal  heart  rate  (36). 
Hartard  et  al  measured  heart  rate  during  submaximal  cycle  ergometry  in  6  women  during 
a  normal  menstrual  cycle  and  a  cycle  on  OC  and  found  that  heart  rate  decreased  from  the 
luteal  phase  of  the  normal  cycle  to  the  corresponding  Q-L  phase  under  OC  use  (23).  This 
suggests  that  a  decrease  in  heart  rate  at  submaximal  workloads  could  possibly  decrease 
cardiac  output  and  theoretically  result  in  a  decreased  oxygen  delivery  to  the  tissues 
during  the  progression  of  exercise  intensity  in  maximal  testing  during  the  Q-L  phase. 
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This  would  result  in  a  lower  V02max  value  in  the  Q-L  phase  as  compared  to  the  Q-F 
phase,  as  seen  in  the  present  study. 

There  have  also  been  a  few  studies  that  have  found  no  maximal  performance 
differences  in  OC  users,  leaving  questions  as  to  the  reliability  of  testing  methods,  subject 
number  and  age,  pill  type,  and  exact  phase  of  testing.  Grucza  et  al  found  no  performance 
differences  between  the  Q-F  and  Q-L  phases  of  young,  fairly  active  OC  users  (22).  But 
only  10  OC  subjects  were  used  and  the  maximal  test  was  performed  on  a  cycle  ergometer 
which  most  likely  resulted  in  a  peak  V02max  value  and  not  the  true  V02max  of  the 
individual  (22).  Some  of  these  studies  have  compared  V02max  values  from  OC  users 
tested  twice  during  OC  use  (such  as  weeks  1  and  2  of  pill  taking  in  the  Q-L  phase) 
without  testing  in  the  placebo  phase  (42).  The  different  synthetic  hormonal  levels 
experienced  by  a  woman  during  the  two  different  phases  (Q-L  and  Q-F)  could  cause 
alterations  in  V02max  performance  and  are  therefore  important  to  consider  while  testing, 
as  the  present  study  has  shown.  Yet,  very  few  studies  have  looked  at  these  differences 
and  their  effect  on  exercise  performance,  demonstrating  the  need  for  further  analysis. 

In  contrast,  in  fairly  active,  normal  menstruating  women  an  abundance  of 
evidence  points  toward  insignificant  variability  in  V02max  between  phases.  However, 
Lebrun  et  al  found  a  significant  decrease  in  V02max  during  the  luteal  phase  of  the 
menstrual  cycle  in  “trained”  women  (0.06  ±  .03  lamin'1)  and  Schoene  et  al.  found  the 
same  result  in  non-athletic  females  (4.3  ±  2.7  ml»kg"1*min'1)  (37,  56).  Thus,  it  is  also 
necessary  to  analyze  the  aerobic  capacity  of  women  on  OC  at  varying  levels  of  training 


status. 


Submaximal  Testing 
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Both  of  the  established  submaximal  cycle  ergometry  tests,  AF  and  ACSM,  and 
the  new  ACSM  equation  significantly  (P<0.05,  except  for  the  AF  where  P=0.06) 
underpredicted  V02max  in  the  Q-F  phase  by  5%,  8%  and  7.3%  respectively.  In  the 
corresponding  Q-L  phase,  the  AF  test  overpredicted  (1.6%),  the  ACSM  test 
underpredicted  (3.3%),  and  the  new  ACSM  equation  underpredicted  (2.9%)  V02max 
demonstrating  a  higher  validity  in  V02max  estimations  for  all  three  equations  in  the  Q-L 
phase  as  compared  to  the  Q-F  phase.  Previous  studies,  which  did  not  screen  for 
menstrual  cycle  phase  or  oral  contraceptive  use  reported  a  15%  underprediction  for  the 
A-R  based  AF  test  (12,  40,  50,  55).  Also,  previously  noted  overpredictions  range  up  to 
21%  (24,  57,  58,  71).  Thus,  the  validity  of  the  estimated  values  as  compared  to  the  true 
maximal  values  is  higher  in  this  study  as  compared  to  the  previous  research. 

However,  Lockwood,  Davies,  Patton,  Rowell  and  Siconolfi  all  used 
heterogeneous  groups  of  subjects  with  differences  in  age  and  sex  (12, 40,  50,  57,  58). 
Hartung  et  al  used  37  women  aged  19-47  and  Zwiren  et  al  used  38  women  in  their  thirties 
(24,  71).  The  diverse  subject  pools  used  in  these  studies  are  most  likely  the  reason  for  the 
vast  difference  between  previously  estimated  values  and  those  found  in  this  study.  The 
A-R  nomogram  was  founded  using  an  original  validation  group  of  58  well-trained  males 
and  females  between  the  ages  of  18  and  30  (4).  The  17  subjects  used  in  this  study  were 
young  (19-22  years  of  age),  active  women  and  their  physical  similarities  to  the  A-R 
validation  group  probably  contributed  to  the  high  validity  of  the  A-R  equation. 
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Previous  research  on  the  validity  of  the  ACSM  protocol  and  equation  is  fairly 
limited.  Most  of  the  research  has  focused  on  the  equation  and  protocol  from  the  4th 
edition  of  the  ACSM  Guidelines,  while  this  study  tested  the  equation  and  protocol  from 

th 

the  5  edition  of  the  ACSM  Guidelines.  Our  protocol  differed  from  other  studies  because 
we  used  four  3-minute  stages  where  our  subjects  could  reach  up  to  85%  of  their 
maximum  age-predicted  heart  rate.  These  four  values  were  then  used  to  extrapolate  to 
the  maximum  age-predicted  heart  rate  value  and  thus  the  maximal  exercise  intensity  from 
which  an  estimated  V02max  can  be  calculated.  This  is  in  comparison  to  the  previous 
protocol  that  relied  on  four  2-minute  stages  and  a  maximum  workload  that  allowed  the 
subject  to  work  at  only  65-70%  of  their  maximum  age-predicted  heart  rate.  The  updated 
protocol  is  more  reliable  because  3-minute  stages  allow  more  time  for  the  subject’s  heart 
rate  to  reach  a  steady  state  before  workload  is  increased  and  less  extrapolation  is  involved 
when  subjects  are  able  to  work  at  a  higher  percentage  of  their  maximum  age-predicted 
heart  rate. 

There  is  only  one  study  that  analyzed  the  accuracy  of  the  5th  edition'  ACSM 
prediction  equation.  Stanforth  et  al  compared  the  ACSM  to  other  submaximal  prediction 
equations  in  715  men  and  women  aged  16-65,  with  no  regard  to  female  menstrual  status 
(61).  Each  individual  was  tested  prior  to  and  right  after  completion  of  20  weeks  of  cycle 
ergometry  training  (61).  In  pre-training,  the  ACSM  equation  significantly  (P<0.001) 
underestimated  VC^max  values  while  post-training,  the  ACSM  equation  generated  values 
that  were  still  lower  but  not  significantly  different  (P  =  0.07)  from  the  measured  values 
(61).  Stanforth  et  al  compared  four  different  modified  ACSM  equations,  Berry  et  al 
(1993),  Lang  et  al  (1992),  Latin  and  Berg  (1994),  Londeree  et  al  (1997)  and  one  of  their 
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own  equations  (Heritage- 1)  to  the  ACSM  equation,  from  the  5th  edition  of  the  ACSM 
Guidelines  (61).  The  unmodified  ACSM  equation  was  the  only  equation  that  gave 
predicted  values  that  were  not  significantly  different  from  measured  VC^max.  The 
results,  of  the  ACSM  equation,  found  in  this  thesis  correspond  to  the  findings  by 
Stanforth  et  al,  that  the  ACSM  equation  (5th  edition)  is  a  fairly  valid  estimate  of  aerobic 
capacity. 

In  the  present  investigation,  the  Latin  and  Berg  revised  ACSM  equation  was  not 
found  to  provide  valid  results.  This  is  in  accordance  with  Stanforth  et  al.  The  Latin  and 
Berg  equations  was  evaluated  in  the  anticipation  of  finding  accurate  results  since  the 
equation  was  developed  for  young  women,  similar  to  the  age  and  fitness  levels  of  the 
subjects  in  this  study.  The  Latin  and  Berg  equation  resulted  in  estimates  that  were  less 
accurate  than  the  ACSM  equations  (underpredicted  by  3  ml  •kg'1  •min'1),  and  therefore 
the  equation  was  not  used  in  the  statistical  analysis  of  this  thesis. 

The  basis  of  the  ACSM  equation  has  been  criticized  for  its  use  of  age-predicted 
maximum  heart  rate  for  extrapolating  the  maximal  exercise  intensity  (21).  Whaley  et  al 
studied  a  large  adult  population  and  found  that  5%  of  men  and  7%  of  women  have  a 
maximum  heart  rate  that  is  15  beats/min  (bpm)  lower  than  age-predicted  max  heart  rate, 
and  13%  of  men  and  9%  of  women  have  a  maximum  heart  rate  that  is  15  bpm  higher 
(67).  Griewe  et  al  found  that  10%  of  their  subjects  had  maximum  heart  rates  that  were 
>15  bpm  above  age-predicted  max  heart  rate  and  that  23%  of  their  subjects  had 
maximum  heart  rates  that  were  >15  bpm  below  age-predicted  maximum  heart  rate  (21). 
Since  most  individuals  do  not  exactly  obtain  their  age-predicted  maximum  heart  rate 
during  exercise,  the  use  of  age-predicted  maximum  heart  rate  in  the  ACSM  equation  has 
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been  blamed  for  the  unreliability  of  estimates  by  up  to  30%  (21,33,  34).  Once 
correcting  for  actual  maximum  heart  rates,  Griewe  et  al  found  an  improvement  in 
V02max  estimates  from  a  26%  overprediction  to  19.5%  (21).  This  was  because  age- 
predicted  heart  rate  significantly  overestimated  measured  maximum  heart  rate  in  2/3  of 
their  subjects.  However,  in  the  present  study,  all  of  our  subjects  reached  their  maximum 
age-predicted  heart  rate  values  within  ±  6  bpm  which  could  be  the  reason  we  found  the 
ACSM  equation  to  provide  a  better  estimate  than  previous  research.  In  fact,  when  the 
measured  maximal  heart  rate  was  input  into  the  regression  equation  to  estimate  V02max, 
no  significant  difference  was  found  between  V02max  estimates-  comparing  the  values 
obtained  from  actual  and  age-predicted  heart  rates.  However,  the  use  of  actual  maximal 
heart  rate  decreased  the  mean  V02max  estimate,  thus  providing  a  more  severe 
underprediction.  Since  an  overestimation  of  age-predicted  maximum  heart  rate  leads  to 
an  overprediction  of  V02max  and  2/3  of  their  subjects  did  not  reach  their  age-predicted 
maximums,  the  use  of  actual  maximal  heart  rate  improved  the  V02max  estimates  in  the 
Greiwe  et  al  study  (21).  However,  with  high  intraindividual  variability  in  maximal  heart 
rate  (±  1 5  bpm)  it  is  logical  to  think  that  there  should  be  a  uniform  distribution  of 
underestimations  and  overestimations  of  V02max  within  a  given  population.  For 
example,  in  this  thesis  41%  of  subjects  had  lower  age-predicted  maximum  heart  rates, 
while  50%  of  the  subjects  had  higher  age-predicted  maximum  heart  rates  (the  other  9% 
reached  heart  rates  that  equaled  their  age  predicted  maximums).  Therefore,  the  use  of 
maximum  age-predicted  heart  rate  by  the  ACSM  equation  accounts  for  the  individuals  at 
both  extremes  allowing  its  use  with  any  population.  Also,  the  purpose  of  submaximal 
testing  is  to  avoid  the  dangers  and  complications  associated  with  a  maximal  test,  which 
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would  be  necessary  if  actual  maximal  heart  rate  measurements  were  to  be  used  in  the 
ACSM  submaximal  equation.  As  seen  in  this  thesis,  the  use  of  measured  maximal  heart 
rate  does  not  improve  the  predictive  ability  of  the  ACSM  equation. 

Based  on  the  results  of  this  study,  the  prospective  ACSM  equation  that  will  be 
published  in  the  6th  edition  of  the  ACSM’s  Guidelines  for  Exercise  Testing  and 
Prescription ,  provides  a  more  accurate  estimate  of  V02max  than  the  original  ACSM 
equation  from  the  5th  edition  of  the  ACSM  Guidelines.  The  new  ACSM  equation 
estimated  V02max  values  that  were  closer  to  the  true  max,  than  the  original  ACSM 
predicted  values,  by  0.17  and  0.24  ml^kg'^min'1  in  the  Q-L  and  Q-F  phases, 
respectively.  Although  a  fairly  reasonable  estimate  overall,  the  original  ACSM  cycle 
ergometry  equation  was  found  to  underestimate  V02  at  lower  workloads  and 
overestimate  V02  at  higher  workloads,  which  is  the  reason  that  a  new  ACSM  equation 
was  developed  (29,  33,  34,  41).  The  same  researchers  that  discovered  this  problem  found 
a  solution  by  increasing  the  intercept  and  decreasing  the  slope,  however  the  new 
equations  still  did  not  provide  valid  estimates  (29).  The  necessary  revisions  were  made 
to  the  original  ACSM  equation  using  the  data  from  Londeree  et  al  and  Latin  and  Berg, 
however  specifically  “measured”  V02  from  repeated  measurements  taken  by  Stuart  et  al 
was  used  to  develop  the  prospective  ACSM  equation  (29).  The  data  from  Stuart  et  al 
consisted  of  actual  V02  measurements  from  subjects  who  exercised  at  a  variety  of 
workloads  on  a  Monark  cycle,  where  the  cadence  was  kept  constant  and  gases  were 
consistently  measured  (29).  Upon  validation,  the  new  ACSM  equation  estimated  V02  at 
each  submaximal  workload  within  ±  0.07 1/min  (29).  Since  the  new  equation  takes  into 
account  the  V02  at  “rest”  for  the  work  of  moving  the  legs  even  at  zero  load  and  the  02 
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cost  per  watt  of  external  load,  the  new  ACSM  equation  clearly  accounts  for  all  three 
components  of  the  metabolic  equation  with  the  addition  of  the  horizontal  component  of 
zero  load  pedaling  (29).  This  is  in  comparison  to  the  5th  edition  ACSM  submaximal 
cycle  ergometry  equation  that  only  accounted  for  the  vertical  (power  output  and  tension, 
revolutions  and  pedal  rate)  and  resting  (body  weight)  components  of  the  metabolic 
equation  (43).  The  addition  of  these  modifications  has  provided  an  improved  equation 
for  the  estimation  of  VC^max. 

The  AF  test,  based  on  the  A-R  nomogram,  is  a  better  predictor  of  maximal 
aerobic  capacity  in  young  women  on  oral  contraceptives  than  the  ACSM  test.  In  both  the 
Q-L  and  Q-F  phases,  the  mean  VC^max  estimates  of  the  AF  test  were  closer  to  the  true 
maximal  values  than  those  from  the  ACSM  test,  regardless  of  which  equation  was  used 
(Figure  5).  Although  individual  estimated  V02max  values  appear  to  be  less  accurate  than 
the  ACSM  test  (Figure  8),  the  AF  test  placed  more  subjects  in  the  correct  fitness  category 
or  higher,  while  the  ACSM  test  placed  the  majority  of  the  subjects  in  a  lower  fitness 
category  than  they  should  have  been  classified.  Both  tests  are  based  on  a  linear  heart 
rate-V02  relationship,  however  the  AF  and  ACSM  tests  use  different  protocols  and 
different  equations  for  computing  the  estimated  values.  The  ACSM  cycle  ergometry 
equation  uses  pedaling  frequency,  meters  per  pedal  revolution,  resistance  applied  to  the 
ergometer  and  an  estimate  of  resting  metabolism  to  predict  the  oxygen  cost  of  cycle 
ergometry  (2).  The  testing  protocol  consists  of  four  3-minute  stages  where  the  subject 
works  at  progressively  increasing  submaximal  workloads  (in  this  study  the  subjects 
worked  at  0.5, 1 .5, 2.0,  and  2.5  kp)  achieving  a  steady-state  heart  rate  at  each  stage  prior 
to  increasing  the  load.  Maximal  work  intensity  can  then  be  estimated  and  used  to 
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calculate  the  predicted  V02max.  The  main  variables  in  this  equation  include  body 
weight  and  heart  rate  response.  In  contrast,  the  AF  test  uses  the  subject’s  heart  rate 
response  to  a  single  predetermined  submaximal  workload  over  a  6-minute  time  period.  A 
computer  calculation,  based  on  the  A-R  nomogram,  computes  the  estimated  V02max 
using  age,  sex,  weight,  height,  average  ending  heart  rate,  a  body  surface  conversion 
constant  and  the  final  workload.  The  AF  calculation  uses  more  variables  than  the  ACSM 
equation,  in  estimating  V02max.  The  test  progresses  based  on  the  individual  heart  rate 
response  of  the  subject,  and  the  final  equation  uses  variables  specific  to  the  subject. 
Therefore,  based  on  the  results  of  this  study,  taking  more  subject-specific  variables  into 
consideration  during  testing  provides  a  more  accurate  estimate  of  V02max. 

This  study  analyzed  the  relationship  between  the  fitness  level  of  the  individual 
and  the  predictive  ability  of  the  3  submaximal  equations.  Hartung  et  al  reported  that  the 
validity  of  the  AF  test  in  aerobically  fit  and  unfit  men  was  consistent  in  its 
overpredictions  and  underpredictions  relative  to  fitness  level  (25).  Estimated  values  in 
highly  fit  subjects  tended  to  overpredict  while  estimated  values  in  less  active  individuals 
tended  to  underpredict  (25).  In  the  same  type  of  study,  using  only  women,  Hartung  et  al 
found  the  same  results  between  the  fit  and  unfit  subjects  (24).  Rowell  et  al  found  a 
higher  degree  of  underestimation,  with  the  A-R  submaximal  cycle  ergometry  test,  in 
untrained  individuals  (26%)  as  compared  to  trained  athletes  (6%)  (55).  In  contrast,  the 
present  study  along  with  Siconolfi  et  al  found  no  statistically  significant  relationship 
between  fitness  level  and  the  predictive  ability  of  the  AF  or  ACSM  tests  (57).  However, 
the  present  study  used  a  homogeneous  group  of  fairly  active  subjects  with  a  small  range 
of  fitness  levels  (V02max  ranging  from  30  ml*kg'l«min'1  to  45  mUkg~1«mirTl)  and 
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Siconolfi  et  al  primarily  used  inactive  subjects  (57).  Therefore,  although  fitness  level 
did  not  contribute  to  differences  in  the  predictive  ability  of  the  three  equations  in  this 
study,  it  cannot  be  concluded  that  the  equations  are  equally  valid  for  all  ranges  of 
individual  fitness. 

Temperature 

Our  finding  that  the  body  temperature  of  female  OC  users  is  increased  by 
approximately  0.3  °C  in  the  Q-L  phase  of  the  menstrual  cycle  is  in  agreement  with  earlier 
studies  (10, 22, 42,  54).  Previous  research  has  shown  that  this  rise  in  temperature  is 
mediated  by  the  action  of  progesterone  in  normal  menstruating  women  (8,  26,  27,  52)  and 
that  the  opposite  effect,  a  decrease  in  temperature  occurs  with  the  administration  of 
estrogen  (8,  62).  According  to  Carpenter  and  Nunneley,  in  normal  menstruating  women, 
when  progesterone  concentrations  are  high  in  the  luteal  phase  they  seem  to  override  the 
estrogen  influence  and  cause  this  increase  in  temperature.  However,  during  ovulation 
when  progesterone  levels  are  at  their  lowest,  body  temperature  is  decreased  by  the  high 
estrogen  (8).  Tankersley  et  al  also  found  that  during  estrogen  replacement  therapy  body 
temperature  was  decreased  (62).  The  observations  in  the  present  study  agree  with  these 
previous  reports  of  a  significantly  higher  temperature  in  the  Q-L  phase  (P=0.0001) 
independent  of  pill  type.  However,  variations  in  this  hormonal  thermoregulatory  control 
could  exist  between  the  different  estrogen  and  progestin  components  of  each  pill 
formulation.  In  Figure  2,  the  average  temperature  curve  for  each  of  the  pill  groups, 
across  one  OC  menstrual  cycle  is  plotted.  Group  P4  had  the  highest  mean  temperature 
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over  the  28-day  cycle,  while  group  PI  had  the  lowest  temperatures.  Group  PI  had  a 
significantly  lower  temperature  than  P4  (P=0.002)  and  P2  (P=0.007)  in  the  Q-L  phase  (P3 
was  not  significantly  different).  The  significant  differences  in  the  temperature  curves, 
between  the  pill  types  contained  in  groups  PI  and  P4,  were  further  analyzed  by 
comparing  the  pill  formulations  (refer  to  Table  4).  Based  on  the  ANOVA  results  there 
was  no  statistically  significant  difference  between  the  estrogen  content  of  the  different 
pill  types.  However  it  is  possible,  since  circulating  estrogen  concentrations  were  not 
measured,  that  the  slightly  higher  ethinyl  estradiol  (ie  estrogen)  content  used  in  PI  caused 
a  slight  decrease  in  the  PI  temperature  curve  during  the  Q-L  phase.  It  is  also  possible 
that  the  synthetic  progestins  used  in  P4  are  more  potent,  than  those  used  in  the  other  three 
groups.  The  progestins  in  P4  could  have  a  stronger  influence  on  temperature  regulation 
than  the  progestins  used  in  the  other  pills.  Just  as  certain  women  are  more  sensitive  to  the 
endogenous  hormonal  variations  in  a  normal  menstrual  cycle,  there  is  likely  a  large 
interindividual  variability  in  response  to  the  exogenous  hormones  contained  in  OC  (35). 

It  seems  that  synthetic  progestins  can  raise  body  temperature,  but  the  degree  is  dependent 
on  the  type  of  pill  and  the  individual  response  to  the  synthetic  hormones.  As  mentioned 
in  previous  studies,  more  research  is  needed  on  the  thermoregulatory  effects  of  the 
various  progestins  used  in  OC  pills  today. 

Differences  in  Pill  Type 

Based  on  the  results  of  this  study,  it  can  be  concluded  that  the  type  of  pill  used  by 
each  subject  was  irrelevant  to  the  results.  There  were  no  significant  phase-related 
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differences  in  pill  types  between  any  of  the  tests  or  testing  parameters  studied,  thus  pill 
type  did  not  influence  any  of  the  variables.  The  small  differences  in  heart  rate  and 
VOamax  that  are  noted  in  the  results  section,  can  be  attributed  to  the  fitness  levels  of  the 
individual  subjects  and  not  to  pill  type.  Women  in  group  P4  had  the  lowest  heart  rates, 
while  those  in  group  P2  had  the  highest  heart  rates  across  all  four  workloads  of  the 
ACSM  test,  in  both  phases.  Group  P2  was  also  the  main  contributor  to  the 
underprediction  of  values  while  P4,  although  not  significant  because  of  small  group 
numbers  (n=2),  contributed  to  the  overprediction  seen  in  the  AF  test.  This  is  because  P2 
contains  most  of  the  subjects  with  lower  fitness  levels  (V02max  approximately 
35  ml  •kg'1  •min"1)  especially  when  compared  to  P4  which  contained  the  more  fit 
individuals  (V02max  approximately  40  mWkg'^min"1).  Subjects  with  lower  V02max 
values  would  likely  have  higher  exercising  heart  rates  at  submaximal  intensities  when 
compared  to  subjects  with  higher  V02max  values.  The  pill  group  and  fitness  level 
influence  on  the  differences  in  heart  rate  disappeared  when  analyzing  the  difference  in 
heart  rates  between  the  Q-L  and  Q-F  phases  for  each  pill  group.  Therefore,  differing 
individual  fitness  levels  and  not  pill  type  is  most  likely  the  reason  for  the  apparent 
differences  in  heart  rate  and  estimated  V02max  between  pill  groups. 

Reliability  Between  the  O-L  and  Q-F  Phase  Measurements 

Although  the  measured  V02max  was  slightly  higher  in  the  Q-F  phase,  all  of  the 
estimated  values  were  lower  than  the  corresponding  Q-L  values,  and  significantly  so  for 
the  AF  test  (AF  P=0.02,  ACSM  P=0.07,  new  ACSM  P=0.06).  Since  workload,  age,  sex 
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and  body  weight  remained  relatively  constant  between  phases,  heart  rate  was  the  only 
variable  that  could  have  caused  the  changes  in  V02max  estimates  between  phases.  A 
higher  exercising  heart  rate  will  predict  a  lower  V02max  value  when  compared  to  a  lower 
heart  rate  response  at  the  same  workload.  Therefore,  the  tendency  for  a  significantly 
greater  underprediction  in  the  Q-F  phase  must  be  due  to  the  hormonally-influenced 
change  in  exercising  heart  rate  responses  to  submaximal  exercise. 

Heart  rate  was  significantly  higher  during  the  Q-F  phase  (P<0.05),  when  each  test 
underpredicted  V02max.  Numerous  studies  have  found  no  difference  in  heart  rate 
during  exercise  across  the  two  phases  of  the  natural  menstrual  cycle  (13, 15,  27,  28,  30, 
37,  48).  While  some  others  have  found  a  significant  increase  in  heart  rate  during  the 
luteal  phase  (26,  52,  56)  which  these  authors  attributed  to  changes  in  plasma  volume  or 
body  core  temperature.  In  normal  menstruating  women,  Hessemer  and  Bruck  found  heart 
rates  that  were  6  bpm  higher  in  the  luteal  phase  (26).  Pivamik  et  al  measured  an 
increased  heart  rate  of  10  bpm  in  the  luteal  phase  of  an  ovulatory  menstrual  cycle  also 
(52).  Both  of  these  authors  postulated  that  the  increased  progesterone  in  the  luteal  phase, 
and  subsequent  increase  in  body  temperature,  has  a  negative  influence  on  exercise 
performance  because  of  the  increase  in  heart  rate  response.  These  findings  contributed  to 
the  original  hypothesis  of  this  thesis,  which  has  since  been  proven  wrong. 

It  is  possible  that  the  synthetic  progestins  in  OC  have  a  different  influence  on 
body  temperature  and  heart  rate  as  compared  to  the  changes  attributed  to  endogenous 
progesterone.  However,  studies  with  women  on  oral  contraceptives  are  rather  limited  and 
offer  conflicting  results.  Rogers  and  Baker  found  that  women  on  OC  had  an  elevated 
heart  rate  in  the  Q-L  phase,  compared  to  the  Q-F  phase,  by  approximately  6-7  beats/min 


58 


during  submaximal  exercise  (54)  and  attributed  the  difference  to  the  elevated  body  core 
temperature.  Some  studies  have  found  no  differences  in  submaximal  or  maximal 
exercising  heart  rate  between  the  Q-F  and  Q-L  phases  (36,  42,  66).  Only  one  other  oral 
contraceptive  study  to  date,  consistent  with  the  results  reported  here,  has  found  higher 
heart  rates  during  the  Q-F  phase  (81  ±  12  vs.  96  ±  15  beats/min,  P<0.05)  however  it  was 
under  resting,  heat  stress  conditions  and  not  during  exercise  (10).  The  present  study 
found  significantly  higher  Q-F  heart  rates  during  both  the  AF  and  ACSM  testing 
protocols,  which  is  the  opposite  of  the  original  hypothesis  of  this  study.  Many  of  the 
previous  studies  may  have  used  subjects  who  were  on  different  OC  than  the  subjects  used 
in  this  thesis,  with  differing  amounts  of  estrogens  or  progestins,  or  possibly  even  pills 
containing  progestins  only.  However,  this  study  has  concluded  that  the  type  of  pill  used 
by  each  subject  was  irrelevant  to  the  results.  Yet  all  of  our  subjects  were  on  low-dose 
combination  pills,  so  the  influences  of  a  progestin-only  pill  or  high-dose  combination 
pills  were  not  evaluated  here.  Thus,  the  diversity  in  both  the  estrogen  and  progestin 
components  of  oral  contraceptives  complicate  the  interpretations  of  OC  studies  and  more 
research  is  needed  in  this  field  (35). 

The  next  question  to  answer  is  why  the  heart  rate  response  was  higher  in  the  Q-F 
phase.  Since  the  only  known  variable  between  testing  sessions  was  pill  intake,  it  is 
logical  to  attribute  the  change  in  heart  rate  to  the  differing  concentrations  of  synthetic 
hormones.  Circulating  hormonal  concentrations  were  not  measured  here  because  the 
measurement  of  synthetic  estrogen  and  progesterone  are  only  possible  using  specialized 
HPLC  procedures.  Therefore,  the  following  discussion  has  made  certain  assumptions 
about  circulating  synthetic  hormone  concentrations.  Possible  reasons  for  increased  heart 
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rates  in  the  Q-F  phase  include  the  direct  influences  of  steroid  hormones  on  heart  rate  or 
indirect  changes  in  cardiovascular  function  due  to  changes  in  fluid  volume. 

The  Estrogen  Effect  on  Heart  Rate  and  the  CV  Variables  Influenced  by  Hormones 

Hartard  et  al  tested  6  women  (mean  23  years)  during  submaximal  cycle  ergometry 
exercise  for  one  normal  menstrual  cycle  and  then  during  another  menstrual  cycle  while 
taking  OC  (23).  They  found  that  exercising  heart  rate  was  decreased  from  the  luteal 
phase  of  the  subject’s  normal  menstrual  cycle  to  the  corresponding  Q-L  phase  under  OC 
use  (23).  According  to  these  results,  the  female  heart  rate  response  to  submaximal 
exercise  seemed  to  decrease  when  a  woman  began  using  OC.  Therefore,  the  observations 
in  the  present  study  may  not  necessarily  indicate  an  increase  in  heart  rate  during  the  Q-F 
phase,  but  rather  a  decreased  heart  rate  in  the  Q-L  phase  of  OC  use  that  is  mediated  by 
the  synthetic  hormones. 

The  few  studies  that  have  analyzed  the  effects  of  synthetic  progestin  or 
progesterone  treatments  on  cardiovascular  function  reported  unaltered  heart  rates  during 
hormone  administration  to  female  ewes  (51,  53).  Hormone  replacement  therapy  in 
postmenopausal  women  (both  estrogen  and  progesterone  together)  increased 
cardiovascular  variables  such  as  cardiac  output,  blood  volume  and  stroke  volume,  but  did 
not  change  heart  rate  at  rest  (59).  However,  research  aimed  at  the  investigations  of  the 
female  exercise  response  to  the  administration  of  these  hormones  is  limited.  Tankersley 
et  al  analyzed  the  influence  of  estrogen  replacement  therapy  (1.25  mg  of  conjugated 
estrogens)  on  cardiovascular  responses  to  submaximal  exercise  in  the  heat,  and  found  that 
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body  temperature  and  exercising  heart  rate  were  decreased  (62).  Although  the  amount 
of  estrogen  administered  in  the  OC  pill  is  smaller  (0.04  mg  compared  to  1 .25  mg)  than 
the  amount  used  by  Tankersley  et  al,  it  is  possible  that  the  estrogen  component  of  the  pill, 
administered  in  the  Q-L  phase,  caused  a  decrease  in  the  heart  rate  response  to 
submaximal  exercise.  The  expected  change  in  temperature  seen  with  the  administration 
of  estrogen  in  the  study  by  Tankersley  et  al  was  not  seen  in  the  present  study.  However, 
it  is  possible  as  previously  mentioned,  that  this  effect  is  masked  by  the  progestin 
component  which  is  known  to  have  the  dominant  effect  on  temperature.  Therefore  the 
exogenous  estrogen,  through  a  different  mechanism  than  temperature  regulation,  could  be 
responsible  for  the  decreased  heart  rate  response  during  submaximal  exercise  in  the  Q-L 
phase.  This  interpretation  would  agree  with  the  previously  mentioned  finding  by  Hartard 
et  al  that  OC  use  causes  a  decrease  in  exercising  heart  rate  during  the  Q-L  phase  when 
compared  to  the  heart  rate  response  to  exercise  in  the  luteal  phase  of  the  same  subject’s 
ovulatory  menstrual  cycle. 

Several  components  of  the  cardiovascular  (CV)  system  may  be  influenced  by 
estrogen,  therefore  relating  to  a  decreased  heart  rate  in  the  Q-L  phase.  In  normal 
menstruating  women,  estrogen  has  been  shown  to  have  a  water-retaining  effect  because 
of  its  influence  on  the  synthesis  and  release  of  antidiuretic  hormone  (19),  leading  to  an 
increase  plasma  volume.  Studies  have  shown  that  the  effect  on  plasma  volume  is  more 
pronounced  with  exogenously  administered  estrogens,  especially  in  the  presence  of  low 
blood  progesterone  concentrations  (17).  Since  OC  use  inhibits  the  release  of 
gonadotropins,  consequently  the  circulating  levels  of  endogenous  progesterone  and 
estrogen  are  very  low.  Bonen  et  al  found  the  circulating  progesterone  concentration  was 
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around  1.0  pmol/ml,  during  both  the  Q-F  and  Q-L  phases  (6).  Therefore,  the 
exogenous  estrogen  found  in  the  OC  pill  along  with  the  low  blood  progesterone 
concentration  in  the  Q-L  phase  could  cause  a  more  pronounced  effect  on  plasma  volume. 
During  exercise,  Lehtovirta  et  al  found  an  increase  in  blood  volume,  stroke  volume  and 
cardiac  output  in  the  Q-L  phase  for  subjects  using  combination  (progestin/estrogen)  OC 
(38).  It  was  suggested  that  the  increased  cardiac  output  was  a  result  of  the  increased 
plasma  volume,  implying  that  there  was  an  estrogen-dominant  effect  (36).  Thus,  it  is 
possible  that  the  estrogen  component  of  the  pill  has  an  influence  on  plasma  volume, 
causing  plasma  volume  to  increase  during  exercise.  This  would  then  cause  an  increased 
stroke  volume,  cardiac  output  and  venous  return  resulting  in  a  subsequent  decrease  in 
heart  rate. 

Several  studies  have  shown  that  cardiac  output  is  increased  during  submaximal 
exercise  in  women  on  combination  estrogen  and  progestin  OC  (35,  38,  39,  66). 

Lehtovirta  et  al  also  found  that  blood  volume  and  stroke  volume  increased  during 
exercise  in  OC  users  (38)  and  Sites  et  al  has  demonstrated  that  hormone  replacement 
therapy  with  progesterone  and  estrogen  increases  blood  volume,  cardiac  output  and 
stroke  volume  at  rest  (59).  However,  not  one  of  these  studies  observed  a  difference  in 
heart  rate.  Since  humans  are  thought  to  lack  the  Bainbridge  reflex,  which  states  that  there 
is  no  heart  rate  response  to  an  increase  in  intrathoracic  blood  volume,  it  is  not  surprising 
that  most  authors  did  not  find  a  difference  (65). 

An  alternative  interpretation  for  the  phase-related  difference  in  heart  rate  could  be 
related  to  the  secretion  of  endogenous  hormones  during  the  Q-F  phase.  Although  the  OC 
pill  inhibits  the  secretion  of  gonadotropins  in  the  Q-L  phase,  there  is  evidence  that  the 
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cessation  of  the  pill  during  the  Q-F  phase  causes  a  slight  increase  in  follicle-stimulating 
hormone  (FSH)  (6).  This  increase  in  FSH  can  then  stimulate  the  secretion  of  endogenous 
estradiol  since  there  is  no  longer  an  inhibition  mechanism  in  effect.  This  thesis  examined 
subjects  during  the  last  3  days  of  the  Q-F  phase,  to  ensure  that  testing  occurred  with  the 
minimal  possible  influence  of  OC  hormones  still  circulating  in  the  blood  stream.  This 
left  4  days  without  ingestion  of  OC  hormones,  suggesting  that  there  was  enough  time  for 
the  secretion  of  FSH  and  the  subsequent  secretion  of  estradiol.  According  to  Grucza  et 
al,  higher  heart  rates  during  exercise  are  associated  with  an  increased  vasodilation  in  the 
follicular  phase  mediated  by  estrogen  (22,  63).  Therefore,  our  results  would  suggest  that 
during  submaximal  exercise  testing,  the  estrogen  effect  occurred  from  the  increased 
circulating  endogenous  estradiol  and  low  blood  progesterone,  plasma  volume  and  cardiac 
output  increased,  and  total  peripheral  resistance  was  decreased.  This  might  account  for 
the  increased  heart  rates  seen  in  the  Q-F  phase. 

Conclusions 


To  date,  there  has  not  been  a  study  that  has  examined  the  reliability  and  validity 
of  a  submaximal  cycle  ergometry  test  while  controlling  for  the  menstrual  cycle  or  oral 
contraceptive  use.  This  study  found  that  overall,  a  heart  rate-based  submaximal  cycle 
erogometry  test  is  a  valid  predictor  of  maximal  aerobic  capacity  in  women  on  oral 
contraceptives  in  the  Q-L  phase.  However,  there  were  large  individual  deviations  from 
the  measured  V02max  values  (within  ±  20%),  for  both  the  AF  and  ACSM  tests.  There 
were  very  few  individual  estimated  V02max  values  found  within  the  ±  5%  validity  range. 
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However,  the  AF  test  placed  more  subjects  in  the  correct  fitness  category,  while  the 
ACSM  test  placed  the  majority  of  subjects  below  their  true  V02max  classification.  In 
regard  to  reliability,  neither  the  AF  nor  the  ACSM  tests  were  found  to  be  very  reliable 
between  the  Q-L  and  Q-F  phases.  During  submaximal  testing,  alterations  in  heart  rate 
occurred  between  the  Q-F  and  Q-L  phases  via  the  influence  of  the  synthetic  hormones  in 
the  OC  pill,  thus  altering  the  estimations  of  V02max.  This  occurred  regardless  of  pill  type 
and  it  was  concluded  that  the  different  pill  formulations  used  by  subjects  in  this  study  did 
not  cause  different  responses  to  exercise  performance.  Although  the  specific  mechanistic 
influences  of  the  OC  hormones  were  not  investigated,  there  was  definitely  evidence  of 
performance  alterations  between  the  two  phases  that  needs  to  be  further  analyzed. 

Astrand  and  Rhyming  reported  that  mechanical  efficiency  during  testing  can  vary 
by  as  much  as  ±6%  (4).  Individual  subjects  who  were  not  familiar  with  cycling  may  have 
been  at  a  disadvantage  due  to  poor  mechanical  efficiency,  since  heart  rate  is  increased  in 
order  to  meet  the  increased  demand  of  oxygen  transport.  In  our  study  it  was  possible  that 
there  was  a  learning  bias,  comparing  the  subject’s  second  test  to  their  first,  however  we 
controlled  for  this  by  randomizing  the  phase  order  of  testing  between  subjects.  It  has 
been  shown  through  both  training  and  repetitive  exposure  to  submaximal  cycling 
however,  that  individuals  can  improve  their  mechanical  efficiency  (40,  61).  Since  the  AF 
test  was  found  to  be  a  valid  estimate  of  V02  max  and  the  test  is  repeated  each  year  for 
every  member  of  the  Air  Force,  mechanical  efficiency  should  not  be  considered  a  major 
source  of  error.  However,  this  conclusion  can  only  be  extended  to  individuals  similar  to 
the  subject  population  in  the  present  study  of  young,  fairly  active  women  on  oral 
contraceptives.  The  use  of  homogeneous  subjects  could  have  caused  the  results  of  the  AF 
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test  to  be  within  ±  5%  of  the  measured  value,  as  compared  to  other  studies  that  used 
subjects  of  more  diverse  ages  and  fitness  levels.  Recall  that  the  original  Astrand- 
Rhyming  equation  was  based  on  the  data  collected  from  healthy,  active  18-30  year  old 
men  and  women  that  are  similar  to  the  subjects  used  in  this  thesis. 

Overall,  the  AF  submaximal  cycle  ergometry  test  based  on  the  A-R  nomogram  is 
a  valid  predictor  of  aerobic  capacity  in  young  women  on  oral  contraceptives.  However, 
this  study  has  shown  that  it  is  a  more  reliable  predictor  of  V02max  when  subjects  are 
tested  during  the  second  week  of  the  Q-L  phase.  The  ACSM  submaximal  cycle 
ergometry  test  is  also  a  valid  predictor  overall,  but  is  not  as  accurate  as  the  AF  test  in 
placing  subjects  in  the  appropriate  fitness  categories.  The  ACSM  testing  protocol  should 
be  used  with  the  new  ACSM  equation  for  the  most  valid  and  reliable  results,  however  this 
combination  will  provide  a  valid  estimate  in  the  Q-L  phase  only.  The  reliability  between 
the  Q-L  and  Q-F  phases  revealed  a  significantly  higher  underestimation  of  VC^max  in 
the  Q-F  phase,  as  compared  to  the  estimated  values  in  the  Q-L  phase,  which  is  due  to  the 
significant  difference  between  submaximal  exercising  heart  rates  in  the  two  phases  of  OC 
use.  The  female  heart  rate  response  to  submaximal  exercise  is  influenced  by  the 
progestin  and  estrogen  components  of  the  OC  pill.  However,  this  synthetic  hormonal 
influence  may  be  attenuated  by  an  unknown  cellular  mechanism  outside  the  testing 
parameters  studied  in  this  thesis.  Further  research  is  needed  to  determine  the  precise 
influences  of  the  different  progestins  and  estrogens,  as  compared  to  endogenous 
hormones,  and  their  effects  on  the  exercising  woman. 

Also,  future  OC  studies  should  look  at  the  differences  in  exercise  performance  by 
testing  women  in  the  second  week  of  pill  taking  (Q-L)  and  then  during  last  3  days  of  the 
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non-OC  use  phase  (Q-F),  using  each  subject  as  their  own  control.  This  would 
standardized  the  testing  method  and  allow  researchers  to  draw  more  concrete  conclusions 
between  OC  studies. 

Based  on  these  results,  the  following  recommendation  can  be  made  to  the  United 
States  Air  Force:  1)  It  is  necessary  that  women  are  screened  for  OC  use  prior  to  the 
annual  cycle  ergometry  test.  2)  All  women  on  OC  should  be  tested  during  the  second 
week  of  the  Q-L  phase,  when  results  are  both  reliable  and  valid,  allowing  for 
standardized  testing  among  annual  tests.  3)  Further  testing  should  occur  with  a  larger 
number  of  women  on  OC  in  the  Air  Force.  Since  the  current  thesis  only  accounted  for  a 
small  percentage  of  the  female  AF  population,  it  is  necessary  to  measure  the  response  of 
women  in  the  AF  using  a  wider  range  of  ages  and  fitness  levels. 
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Please  check  the  appropriate  answer: 


0  Yes 

ONo 

Have  you  been  using  Oral  Contraceptives 
for  one  year  or  more? 

0  Yes 

ONo 

Do  you  have  any  chronic  medical  condition, 
for  example:  diabetes,  pregnancy,  or 
inflammatory  bowel  disease? 

0  Yes 

ONo 

Do  you  have  any  minor  injuries  which  will 
limit  you  from  exercising  on  a  treadmill  or 
stationary  bike? 

0  Yes 

ONo 

Are  you  taking  any  other  medications 
besides  Oral  Contraceptives?  Please  include 
pain  relievers,  aspirin,  eye  drops,  creams, 
sleeping  pills,  etc. 

Drug- 

How  much-  How  often- 

0  Yes 

ONo 

Do  you  smoke? 

0  Yes 

ONo 

Are  you  currently  following  a  special  diet? 

If  yes  (specifiy): 

0  Yes 

ONo 

Do  you  exercise  regularly? 

How  many  times  per  week? _ 

At  what  intensity  (1-5,  with  1  being  the 
lowest) : _ 
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SUMMARY  SIIIiET 


Date _ _ 

Subject  Name  _  Id.  Number 

Social  Security  Number _ _ 

Address _ 

Phone  Number  -  Home 
Work 

DOB  _ _ 

Height _ _ 

Allergies _ 

Physician  _ 

Address 


Phone  Number 


Age _ 

Weight 


word/foiffcy.  'iuwtkln'iy'mmy  University 
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INFORMED  CONSENT 


INFORMED  CONSENT  FORM 

The  Pennsylvania  State  University 

Title  of  Project:  Submaximal  Cycle  Ergometry  as  a  Predictor  of  Maximal 

Aerobic  Capacity  in  Women  on  Oral  Contraceptives 
Investigators:  Jannell  C.  Zicarelli,  2nd  Lt,  USAF;  Brittney  Salkeld;  Joseph 

Cannon,  PhD 

This  is  to  certify  that  I,  _ _ ,  have  been  given 

the  following  information  regarding  my  participation  as  a  volunteer  in  a  program  of 
investigation  under  the  supervision  of  Jannell  Zicarelli,  Brittney  Salkeld  and  Dr.  J.G. 
Cannon.  I  am  18  years  of  age  or  older  and/or  a  full-time  student  of  the  Pennsylvania 
State  University. 

1.  Purpose  of  the  study 

This  investigation  is  intended  to  study  the  reliability  and  validity  of 
submaximal  cycle  ergometry  tests  for  women  on  oral  contraceptives. 
Submaximal  tests,  provide  an  estimate  of,  maximal  aerobic  capacity  (VO? 
max)  however  results  vary  in  reliability  and  validity.  Certain  factors,  such 
as  the  menstrual  cycle  and  oral  contraceptives,  are  not  accounted  for 
during  submaximal  testing.  It  is  possible  that  women  using  oral 
contraceptives  have  elevated  exercising  heart  rates  and  submaximal  cycle 
ergometry  tests  are  based  on  heart  rate  response  to  exercise.-  Therefore, 
testing  needs  to  be  conducted,  using  approximately  12  women,  to 
determine  the  reliability  and  validity  of  submaximal  testing  for  women  on 
oral  contraceptives. 

2.  Procedures  to  be  followed 

I  have  been  selected  as  a  healthy  young  woman  using  oral  contraceptives. 

I  will  fill  out  a  questionnaire  which  will  determine  my  oral  contraceptive 
use,  menstrual  cycle  history,  exercise  history  and  medication. 

Once  I  am  selected  as  a  subject  in  this  study,  I  will  document  my  body 
temperature  for  one  entire  menstrual  cycle,  according  to  the  instructions 
given  to  me  by  the  principal  investigators,  Jannell  Zicarelli  and  Brittney 
Salkeld.  I  will  use  the  digital  thermometer  I  was  given  and  return  it  when 
I  have  finished  the  28  day  cycle. 

I  understand  I  am  to  report  to  Noll  Laboratory  for  testing  on  a  minimum  of 
4  scheduled  dates.  The  first  will  be  for  maximal  testing  followed  two  days 
later,  by  two  submaximal  tests.  This  will  occur  during  two  phases  of  my 
menstrual  cycle.  Once  on  days  0-7  and  the  second  visit  will  occur  during 
days  14-21. 

When  I  am  instructed  to  come  in  for  testing,  I  will  report  to  Noll 
Laboratory  between  9  am  and  12  noon.  I  understand  a  blood  and  urine 
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sample  will  be  taken  prior  to  submaximal  exercise  in  both  phases  of  the 
cycle,  thus  I  will  have  samples  taken  twice.  This  is  for  the  measurement 
of  progesterone  levels  in  my  blood  and  urine. 

Prior  to  submaximal  testing  sessions.  I  will  be  asked  to  complete  the  MFI- 
20  (Multidimensional  Fatigue  Inventory).  This  will  be  used  to  assess 
various  self-reported  aspects  of  fatigue.  It  consists  of  20  statements  to 
which  I  must  respond. 

Throughout  the  submaximal  testing  sessions  I  will  be  asked  to  rate  my 
own  perception  of  overall  effort  every  minute  using  the  Borg  Scale  of 
Ratings  of  Perceived  Exertion. 

3.  Discomforts  and  Risks 

There  is  the  discomfort  of  a  needle  prick  and  the  risk  of  bruising  during 
the  procedure  of  drawing  blood.  However,  since  blood  will  only  be  taken 
twice,  the  risk  is  very  minimal.  Each  blood  sample  will  be  approximately 
2  tsp  or  10  cc.  Since  a  maximal  test  requires  the  subject  to  exercise  to 
exhaustion,  there  is  a  risk  of  overexertion  and  faintness.  I  understand  that 
I  will  be  exercised  to  fatigue  and  that  breathlessness,  chest  pain,  and/or 
any  other  symptoms  indicate  to  the  medical  personnel  and  myself  that  I 
should  stop  exercise. 

4.  Potential  benefits 

The  results  of  this  study  will  provide  information  about  the  reliability  and 
validity  of  submaximal  cycle  ergometry  tests  in  women  on  oral 
contraceptives.  Since  many  organizations,  including  the  United  States  Air 
Force,  use  this  type  of  testing  to  assess  the  fitness  levels  of  individual 
members,  results  could  alter  existing  policies  and  procedures  in  regards  to 
women  and  fitness  assessment.  As  for  myself,  I  will  receive  information 
about  my  own  physical  fitness  level  and  how  to  improve  my  maximal 
aerobic  capacity  for  healthier  living.  Maximal  aerobic  capacity  is  a 
measure  of  the  body’s  ability  to  transport  oxygen  to  tissues  in  strenuous 
activity.  In  understanding  this  value,  I  will  be  able  to  assess  my  own 
cardiovascular  fitness.  I  will  also  be  compensated  in  the  sum  of  S50,  with 
S10  given  each  visit  for  testing  and  S 10  given  at  the  completion  of  the 
studv. 

5.  Time  duration  of  the  procedures  and  study 

I  understand  that  I  will  be  required  to  note  my  body  temperature 
throughout  the  month  prior  to  testing  (i.e.  one  menstrual  cycle).  I  also 
understand  that  testing  will  occur  during  the  months  of  January  and 
February  1999.  I  will  be  required  to  report  to  Noll  Laboratory  at  the 
specified  times  and  complete  6  tests,  as  arranged  and  instructed  by  the 
principal  investigator. 
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6.  Statement  of  confidentiality 

I  understand  that  my  participation  in  this  research  is  confidential.  Only 
the  investigator  and  her  assistants  will  have  access  to  my  identity  and  to 
information  that  can  be  associated  with  my  identity.  In  the  event  of 
publication  of  this  research,  no  personally  identifying  information  will  be 
disclosed. 

7.  Right  to  ask  questions 

I  understand  that  I  can  contact  the  principal  investigators  at  any  time,  with 
questions  related  to  the  research,  at  the  following  number:  H  235-5739  and 
W  865-0368.  I  have  been  given  an  opportunity  to  ask  any  questions  I  may 
have,  and  all  such  questions  or  inquiries  have  been  answered  to  my 
satisfaction. 

8.  Compensation 

I  understand  that  medical  care  is  available  in  the  event  of  an  injury 
resulting  from  research  but  that  neither  financial  compensation  nor  free 
medical  treatment  is  provided.  I  also  understand  that  I  am  not  waiving  any 
rights  that  I  may  have  against  the  University,  for  injury  resulting  from 
negligence  of  the  University  or  investigators. 

9.  Voluntary  participation 

I  understand  that  my  participation  in  this  study  is  voluntary,  and  that  I  may 
withdraw  from  this  study  at  any  time  by  notifying  the  investigator.  My 
withdrawal  from  this  study  or  my  refusal  to  participate  will  in  no  way 
affect  my  care  or  access  to  medical  services. 

This  is  to  certify  that  I  consent  to  and  give  permission  for  my  participation 
as  a  volunteer  in  this  program  of  investigation.  I  understand  that  I  will 
receive  a  signed  copy  of  this  consent  form.  I  have  read  this  form,  and 
understand  the  content  of  this  consent  form. 


Subject’s  Signature 


Date 


I,  undersigned,  have  defined  and  fully  explained  the  studies 
involved  to  the  above  volunteer. 


Investigator’s  Signature 


Date 
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